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SECTION 1 

IMTRODUCT ION 

1.1 Background 

The uncontained f a i l u r e  of high-speed r o t a t i n g  t u r b o j e t  engine par ts  

remains a t  t h e  present t i m e  a se r ious  and unsolved problem. Since June 1968 

personnel of t h e  MIT Aeroelastic and S t ruc tu res  Research Laboratory have been 

developing and explor ing a n a l y t i c a l  models which can be used t o  p r e d i c t  t he  

t r a n s i e n t  responses  and containment p o t e n t i a l s  of simple containment devices .  

The primary o b j e c t i v e  of t h i s  continuing research  e f f o r t  i s  t o  provide 

des igners  i n  the  a i r c r a f t  engine indus t ry  t h e  necessary a n a l y t i c a l  t o o l s  f o r  

t he  a n a l y s i s  of containment/deflection devices  and u l t ima te ly ,  t he  development 

of computer programs which w i l l  enable the  optimum design of  containment/deflec- 

t i o n  devices  to  be c a r r i e d  ou t ,  
* 

I n  a previous report 111 I t he  problem of containment/deflection of 

b u r s t  t u r b o j e t  engine par ts  w a s  def ined ,  and an approach to  the  problem w a s  

ou t l ined .  A computer program, JET 1, which i s  capable of p red ic t ing  the  l a r g e  

d e f l e c t i o n ,  e l a s t i c - p l a s t i c  response of  a s ingle- layer  r i n g  which may have an 

a r b i t r a r y  spec i f i ed  time-varying temperature d i s t r i b u t i o n  w a s  presented. The 

fo rces  ac t ing  on t h e  r i n g  must be known and are spec i f i ed  as input  t o  t h e  pro- 

gram. 

As s t a t e d  i n  Ref, 1, perhaps t h e  major problem i n  using programs such as 

J E T  1 i s  t h a t  t he  fo rces  r e s u l t i n g  from a fragment-ring c o l l i s i o n  a r e  no t  known 

a pr ior i .  To assist i n  overcoming t h i s  problem, a new method which uses  m e a -  

sured p o s i t i o n  d a t a  from high speed photographs o f  spin-chamber tests c a r r i e d  

o u t  a t  t h e  Naval A i r  Propulsion T e s t  Center ,  (NAPTC) Phi lade lphia ,  

Pennsylvania w a s  advanced i n  Ref, 1 t o  c a l c u l a t e  t h e  fo rces  ac t ing  on t h e  con- 

tainment r i n g ,  This  method w a s  implemented i n  a computer program termed TEJ 1 

(JET 1 backwards), and t e s t e d  by using "synthe t ic"  pos i t i on  d a t a  produced by JET 1 

* 
Numbers i n  bracke ts ,  E I ,  r e f e r  t o  re ferences  c i t e d  a t  the  end of t he  t e x t ,  

1 



using known f o r c e s  appl ied  t o  a typical containment r ing.  

The TEJ 1 program was capable of s a t i s f a c t o r i l y  p red ic t ing  the  f o r c e s  

ac t ing  on a r i n g  of nominal. 7.3-inch midsurface r a d i u s  i f  t he  exac t  p o s i t i o n  

da ta  were per turbed with a probable error (PE) which w a s  less than  approxi- 

mately 0.003 inch  and were then  used as  inpu t  t o  TEJ 1, However, t h e  best 

pos i t i on  d a t a  obtained by NAPTC has a PE of about 0.01 inch; t he re fo re ,  it w a s  

concluded t h a t  t he  TEJ  1 program required some major improvements before  it 

could be used t o  c a l c u l a t e  t he  i n t e r a c t i o n  f o r c e s  occurr ing i n  an a c t u a l  con- 

tainment test .  Research e f f o r t s  seeking such improvements are descr ibed i n  

t h i s  r e p o r t ,  

1 . 2  Report Contents 

The p resen t  r e p o r t  c o n s i s t s  of three add i t iona l  sec t ions .  The charac- 

t e r i s t i c s  of the  new computer program J E T  2 w:Lch c a l c u l a t e s  t he  t r a n s i e n t  

response of a mult i - layer  mult i -mater ia l  c i r c u l a r  r i n g ,  subjected t o  s h o r t  

duration-type ex te rna l  f o r c e s  are descr ibed i n  Sect ion 2. 

method f o r  ca l cu la t ing  t h e  ex te rna l  f o r c e s  ac t ing  upon containment r i n g s ,  using 

measured r i n g  p o s i t i o n s  obtained from high speed motion p i c t u r e s  are presented 

i n  Sect ion 3; as an i l l u s t r a t i v e  app l i ca t ion ,  t h i s  method is  used to  c a l c u l a t e  

t he  fo rces  r e s u l t i n g  from the  impact i n t e r a c t i o n  of  a s i n g l e  T-58 tu rb ine  r o t o r  

blade with a 2024 aluminum containment r i n g .  Sect ion 4 i s  devoted to  a summary 

of t he  work accomplished t o  d a t e  and recommended avenues of f u r t h e r  study. 

Improvements i n  the  

Appendix A desc r ibes  t h e  Gaussian quadrature  method used i n  JET 2 to  

eva lua te  t h e  inplane stress and moment r e s u l t a n t s ,  and Appendix B p re sen t s  t h e  

u s e r ' s  manual f o r  the  JET 2 program, including t h e  program l i s t i n g  and three 

sample problems with inpu t  and r e s u l t i n g  output .  

2 



SECTION 2 

CAPABILITIES OF THE JET 2 COMPUTER PROGRAM 

2 e 1 Int roduct ion  

J E T  2 i s  t h e  second of a series of  computer programs which a r e  intended 

to  be made ava i l ab le  to  t h e  a i r c r a f t  i ndus t ry  f o r  use  i n  analyzing containment/ 

d e f l e c t i o n  devices .  
* 

The program uses  a step-by-step numerical i n t e g r a t i o n  method t o  compute 

the  l a rqe  Kirchhoff-def lect ion dynamic e l a s t i c p l a s t i c  response of a mult i -  

l a y e r ,  mult i -mate- ia l ,  hard-bonded c i r c u l a r  r i n g  (Fig.  1) t h a t  i s  subjected t o  

an i n i t i a l  impulsive loading t h a t  may, i f  des i r ed ,  be followed a t  any later 

timc by an a r b i t r a r y ,  p rescr ibed ,  time-dependent ex te rna l  forc ing  funct ion.  

Although c e r t a i n  aspects of t h e  program are e s p e c i a l l y  t a i l o r e d  t o  p r e d i c t  the  

t r ans i en t - r ing  response due t o  an impulsive i n i t i a l  loading and/oq subsequent 

ex te rna l  time-dependent loading d i s t r i b u t i o n  (as might be caused by a fragment 

o r  fragments from b u r s t  high-speed r o t a t i n g  parts of j e t  engines c o l l i d i n g  with 

the  r i n g ) ,  t he re  are no r e s t r i c t i o n s  placed on e i t h e r  t h e  i n i t i a l  impulsive 

loading or t h e  subsequent time-dependent forc ing  func t ion  spec i f i ed ,  except 

t h a t  i n  many cases the  inpu t  procedure can be g r e a t l y  s impl i f ied  i f  one chooses 

"standard" d i s t r i b u t i o n s  which a l l o w  t h e  loadings t o  be descr ibed with a mini- 

mum number of parameters. Both the  genera l  methods and khe special-case 

methods f o r  descr ib ing  t h e  i n i t i a l  'impulse and t h e  subsequent forc ing  func t ion  

are i l l u s t r a t e d  i n  Figs .  2 through 4.  
** 

The program assumes a p lanar  (un iax ia l )  stress s ta te  an& can analyze a 

r i n g  s t r u c t u r e  (not  a long s h e l l )  which c o n s i s t s  of up t o  t h r e e  hard-bonded, 

d i f f e ren t -ma te r i a l ,  concent r ic  r ings .  Each r i n g  material may be e l a s t i c ,  

s t ra in-hardening,  and/or s t r a i n - r a t e  s e n s i t i v e .  

* 
The t h e o r e t i c a l  aspects of  t h e  s o l u t i o n  method, o the r  than s o m e  explanatory 

notes  presented  i n  Appendix A, are d e t a i l e d  i n  Ref. 1 and a r e  not  repeated i n  
t h i s  report. 

The stresses vary with both c i rcumferent ia l  l oca t ion  and through the  th ick-  
ness  of t he  r i n g ,  

** 
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2.2  Descr ipt ion of the  Program 

2 2 a 1 Assumptions 

The following condi t ions  and/or assumptions are made €or t h e  JET 2 pro- 

gram : 

1. 

2. 

3 .  

4. 

5 .  

The s t r e s s - s t r a i n  curve corresponding to  each l aye r  of 

r i n g  material i s  t h e  same f o r  both tens ion  and com- 

pression.  

The r i n g  cross sec t ion  i s  uniform around the  circum- 

ference and i s  rec tangular  i n  shape, 

Each r i n g  i s  hard-bonded t o  the  ad jacent  one, i . e . ,  

t he re  i s  assumed t o  be i n f i n i t e  shear  r i g i d i t y  be- 

tween l a y e r s ,  N o  p rovis ion  i s  made f o r  l a y e r  separa- 

t i o n  and/or subsequent c o l l i s i o n s  i n  t h e  J E T  2 program. 

Each material behavior can be e l a s t i c ,  strain-hardening 

according t o  t h e  mechanical sublayer (or subf lange)  

model given i n  Ref. 2. S t r a i n - r a t e  e f f e c t s  are in-  

cluded (Fig.  5 ) .  

Plane sec t ions  remain plane i n  bending; Kirchhoff 

deformation behavior i s  assumed. 

2.2.2 Proaram CaDabi i i t i es  

2.2.2.1 T y p e s  of External  Loadings 

The JET 2 prosram i s  capable of  consider ing any genera l  ex te rna l  loading 

des i red  including both an i n i t i a l  impulse type which i s  descr ibed by def in ing  

the  i n i t i a l  v e l o c i t y  of des i r ed  p o r t i o n s  of t h e  r i n g  and a subsequent t i m e -  

dependent forc ing  func t ion ,  descr ibed by def in ing  both a space d i s t r i b u t i o n  and 

an amplitude t i m e  h i s t o r y  of the  des i r ed  forc ing  function., The opt ions  a v a i l -  

ab l e  t o  descr ibe  these  loadings include s p e c i a l  cases i n  which a minimum of 

input  information i s  required.  A code name i s  given i n  t h e  left-hand margin 

t o  i d e n t i f y  each poss ib l e  loading condi t ion  as l i s t e d  below. 

1, The i n i t i a l  impulse i s  spec i f i ed  by reading i n  or 

ca l cu la t ing  t h e  m a s s  p o i n t  i n i t i a l  v e l o c i t i e s  i n  

one of t w o  ways ( see  Fig. 2 ) :  
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IOTA=l  The d i s c r e t e  impulse on each m a s s  p o i n t  i s  f ixed  

by p resc r ib ing  i n i t i a l  v e l o c i t y  components. 

IOTA=2 Sine-shaped v e l o c i t y  f i e l d s  are spec i f i ed  t o  be 

d i s t r i b u t e d  over given numbers of mass p o i n t s  

o r i en ted  a t  cons tan t  given angles  t o  t h e  l o c a l  

r i n g  tangent  e 

2 .  The subsequent time-dependent fo rc ing  func t ion  i n  J E T  2 

must be def ined i n  t w o  parts,  (a) amplitude versus  

t i m e  and (b) amplitude versus  l o c a t i o n  on the  r ing .  

These q u a n t i t i e s  are descr ibed i n  t h e  program as fol lows:  

(a) Force amplitude versus  t i m e  i s  presented as  a 

series of coord ina tes  i n  t i m e  which spec i fy  va lues  

of c h a r a c t e r i s t i c  two-component f o r c e s  on t h e  

force-versus-time curve. The program then l i n e a r l y  

interpolates between p o i n t s  t o  ob ta in  va lues  of 

f o r c e  a t  intermediate  times (see Figs .  3 and 4 ) .  

(b) The s p a t i a l  d i s t r i b u t i o n  of t h e  fo rce  ac t ing  on 

the  r i n g  i s  descr ibed by one of  t he  following: 

JOLT=l I f  one of t h e  following d i s t r i b u t i o n s  has been 

spec i f i ed ,  s t a t i n g  t h a t  JOLT=l a t  a later t i m e  

w i l l  repeat t h e  d i s t r i b u t i o n  l as t  spec i f i ed .  

JOLT=2 The completely a r b i t r a r y  d i s c r e t e  fo rce  d i s t r i -  

but ion i n  t h e  y and z d i r e c t i o n s  (or t angen t i a l  

and r a d i a l )  i s  spec i f i ed  by reading i n  va lues  of 

GTY (I) , GRZ (I) which g ive  the  f o r c e  amplitude 

a t  each m a s s  p o i n t  r e l a t i v e  t o  t h e  cu r ren t  

nominal independent force f o r  t he  y and the  z 

d i r e c t i o n  (see Fig.  3)  ; new spat ia l  d i s t r i b u -  

t i o n s  may be i n s e r t e d  a t  any des i r ed  i n s t a n t .  

JOLT=3 One or more local ha l f  sinusoid-shaped fo rce  

d i s t r i b u t i o n s  are spec i f i ed  over given numbers 

of m a s s  p o i n t s  (which can be used t o  r ep resen t  

d i s c r e t e  par t ic le  impact fo rc ing  func t ions ) .  

The p o s i t i o n s  on t h e  r i n g  a t  which these  
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d i s t r i b u t i o n s  can occur i s  a r b i t r a r y  and each 

func t ion  can move a t  a des i r ed  r o t a t i o n a l  ve- 

l o c i t y  to  simulate a poss ib l e  motion of each 

particle a f t e r  i t s  i n i t i a l  impact with t h e  r i n g ,  

F i n a l l y ,  t he  angle  a t  which each fo rce  i s  ap- 

p l i e d  i s  assumed to be cons tan t  i n  y ,z  space 

and i s  def ined as  an  inpu t  quan t i ty  f o r  each 

s inusoida l  d i s t r i b u t i o n  (see Fig.. 4 ) .  

2 -2 .2 .2  Estimation of Bond F a i l u r e  

Although it i s  assumed t h a t  t he  bond between l a y e r s  i s  i n e l a s t i c  and of 

zero th ickness ,  t h e  program w i l l  compute, i f  des i r ed ,  an estimate of t h e  shear 

stresses and e longat iona l  s t r a i n s  i n  t h e  c i rcumferent ia l  d i r e c t i o n  between ad- 

jacent  l a y e r s  and these  va lues  are compared with i n p u t  va lues  of "bond f a i l u r e  

stress and s t r a i n " ,  r e spec t ive ly .  I f  t he  f a i l u r e  va lues  a r e  exceeded by t h e  

ca lcu la ted  va lues  a t  any t i m e  dur ing t h e  run,  t h e  program s i g n a l s  the  time and 

loca t ion  of each event  i n  the  output  of t he  program. N o  o the r  a c t i o n  i s  taken 

by the  program, however, and the  computation process  proceeds u n t i l  t he  end of 

the  run a s  i f  t he  bond had no t  f a i l e d .  

2.2.2.3 Program Capacity 

The JET 2 program i s  capable of  accommodating t h e  following: 

1. A maximum of three l a y e r s  can be employed i n  t h e  

composite r i n g .  

2.  The mult i - layer  r i n g  can be divided i n t o  a maximum 

of 100 mass (c i rcumferent ia l )  s t a t i o n s .  

3. The circumferential-norma1 stress r e s u l t a n t  obtained 

from t h e  normal stresses a c t i n g  through t h e  r i n g  th ick-  

ness  a t  each m a s s  s t a t i o n  i s  ca l cu la t ed  using a four-  

po in t  Gaussian quadrature  f o r  each l aye r .  Thus, a maxi- 

mum of 1 2  thicknesswise c o n t r o l  s t a t i o n s  i s  used to  repre- 

s e n t  t h e  r i n g  cross sec t ion ,  
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A 
4, The to ta l  number of mechanical sublayers  per con t ro l  

s t a t i o n  to s imulate  a genera l  s t r e s s - s t r a i n  curve must 

no t  be more than f i v e .  

The number of memory loca t ions  requi red  on the  IBM 360-65 computer 

a t  MIT t o  run  JET 2 as  l i s t e d  i n  Appendix B i s  approximately 128,000 bytes .  

This inc ludes  t h e  l o c a t i o n s  requi red  f o r  t he  MIT computer l i b r a r y  subrout ines .  

2.2.3 Program Contents and Arrangement 

The J E T  2 program i s  composed of a main program and 7 subrout ines  which 

appear i n  the  program i n  t h e  order  l i s t e d .  The names and func t ions  of these  

programs are as fol lows:  

M A I N  The MAIN program applies only  to  a f r e e  hard-bonded mult i -  

l a y e r ,  c i r c u l a r  r i n g .  I t  r eads  the  r i n g  geometry and 

material proper ty  d a t a  and computes the  q u a n t i t i e s  t h a t  a r e  

cons tan t  throughout t h e  program. M A I N  c a l c u l a t e s  t h e  i n i t i -  

a l  m a s s  p o i n t  coordinates ,  e s t a b l i s h e s  t h e  p e r t i n e n t  bound- 

a r y  cond i t ions ,  and i n i t i a l i z e s  most of t h e  v a r i a b l e s  used 

i n  t h e  subrout ines .  It w i l l  c a l c u l a t e  a value of t h e  

f i n i t e - d i f f e r e n c e  t i m e  i n t e r v a l  requi red  f o r  computational 

s t a b i l i t y ,  i f  des i red .  I t  c o n t r o l s  t h e  overall  t i m e  cyc le  

and cal ls  t h e  va r ious  subrout ines  when they are needed. 

IDENT 

IMPULS 

The IDENT subrout ine i s  used t o  p r i n t  o u t  a t  t h e  be- 

ginning of t h e  run t h e  va lues  of c e r t a i n  inpu t  parameters, 

and i s  used to i d e n t i f y  t h e  type of run t h a t  i s  being made. 

The d a t a  f o r  t he  i n i t i a l  impulsive loading i s  read i n  

t h i s  subrout ine and t h i s  information i s  then used to com- 

pute  the  i n i t i a l  v e l o c i t i e s  of  t h e  mass po in t s .  

FORCE This subrout ine r eads  the  d a t a  pe r t a in ing  t o  t h e  subsequent 

d. 
Note t h a t  each con t ro l  s t a t i o n  of a g iven  l aye r  c o n s i s t s  of up to  5 equally- 

s t r a ined  mechanical sublayers  of elastic,  p e r f e c t l y - p l a s t i c  material; each 
mechanical sublayer has  t h e  same elastic modulus but  a d i f f e r e n t  y i e ld  s t r e s s  
i n  o rde r  t o  r e p r e s e n t  s t ra in-hardening behavior of t h e  material, 
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STRAIN 

STRESS 

EQUIL 

PRINT 

time-dependent forc ing  func t ion  and uses  these  d a t a  t o  

compute t h e  ex te rna l  f o r c e s  ac t ing  on t h e  r i n g  a t  each 

time s t ep .  

This subrout ine conta ins  t h e  s t ra in-displacement  rela- 

t i o n s  descr ibed i n  Ref. 1, 

This subrout ine conta ins  t h e  s t r e s s - s t r a i n  r e l a t i o n s ,  

The STRESS subrout ine can be used f o r  materials t h a t  

e x h i b i t  e l a s t i c ,  strain-hardenlng p r o p e r t i e s  and f o r  

m a t e r i a l s  with e las t ic ,  s t ra in-hardening,  and/or 

s t r a i n - r a t e  behavior,  Test ing f o r  bond f a i l u r e ,  i f  

spec i f i ed ,  is done i n  t h i s  subrout ine.  

T h i s  subrout ine con ta ins  t h e  dynamic equi l ibr ium 

r e l a t i o n s  t h a t  are used throughout t h e  run whether 

or not  ex te rna l  fo rces  are a c t i n 5  on t h e  r i n g ,  It  

also computes the  work done on the  r i n g  by the  ex- 

t e r n a l  forces .  

The PRINT subrout ine eva lua tes  the  s t r a i n s  on the  

inner  and t h e  ou te r  sur faces  of t he  r i n g  and com- 

pu te s  the  r e l e v a n t  energies .  PRINT a lso c o n t r o l s  

t he  program output  CX? format. 

Further  d e t a i l s  are given i n  Appendix B. 
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SECTION 3 

IMPROVEMENTS I N  THE METHOD OF DETERMINING FRAGMENT-RING 

INTERACTION FORCES FROM EXPERIMENTALLY-OBTAINED POSITION DATA 

3.1 In t roduct ion  

As noted i n  Ref. 1, computer programs such as J E T  1 and JET 2 have been 

proven t o  be capable of p red ic t ing  accu ra t e ly  t h e  t r a n s i e n t  response of e l a s t i c -  

p las t ic  s t ra in-hardening material r i n g s  when ac ted  upon by prescr ibed  impulse- 

type o r  t r a n s i e n t  fo rc ing  func t ions .  To assist i n  overcoming the  d i f f i c u l t y  of 

t he  lack  of knowledge of t h e  charac te r  of  t he  fo rc ing  func t ions  caused by b u r s t  

r o t o r  fragments i n t e r a c t i n g  with a containment r i n g ,  a method was advanced i n  

Ref. 1 which s u b s t i t u t e d  measured p o s i t i o n s  obtained from high-speed motion 

p i c t u r e s  of spin-chamber fragment-ring i n t e r a c t i o n  tests i n t o  t h e  governinq equa- 

t i o n s  of motion t o  ob ta in  estimates of t h e  ex te rna l  fo rce  t i m e  h i s t o r y  which 

caused the  response. This  method, which w a s  implemented i n  a program c a l l e d  

"TEJ 1" (JET 1 backwards), has s ince  been considerably expanded and improved 

t o  produce a new program c a l l e d  TZJ 2 which has been used with some success t o  

ob ta in  the  time-dependent f o r c e s  r e s u l t i n g  from t w o  s ingle-blade-interact ion 

tests with containment r i n g s .  

The d e s c r i p t i o n  of t he  bas i c  method used i n  TEJ 1 and the  improvements 

which have been made t o  y i e l d  TEJ 2 form t h e  con ten t s  of Subsection 3.2. Force 

r e s u l t s  f o r  a s i n g l e  blade i n t e r a c t i o n  obtained by s u b s t i t u t i n g  measured r i n g  

p o s i t i o n s  i n t o  TEJ 2 ,  are descr ibed i n  Subsection 3.3. These r e s u l t s  are then 

used i n  JET 2 t o  p r e d i c t  t h e  t r a n s i e n t  response of t h e  r i n g  t e s t ed ;  t he  r e -  

sponse r e s u l t s  are then  compared with t h e  o r i g i n a l  measured p o s i t i o n  da ta  t o  

check the  reasonableness  of t h e  f i n a l  TEJ 2 fo rces .  

3.2 Descript ion of t h e  Method Used to  Calculate the  Forces 

3.2.1 Review of t h e  Method Used i n  TEJ 1 

3.2.1.1 The TEJ 1 Program 

I n  t h e  TEJ 1 method, t he  equat ions of motion as  used i n  JET 1 (and J E T  2)  

are reversed such t h a t  posit ion-versus-time d a t a  of the  r i n g  are used t o  es t imate  
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the  second time d e r i v a t i v e  of t h e  p o s i t i o n s  ( acce le ra t ions )  of each of t h e  

f in i t e -d i f f e rence  m a s s  p o i n t s ,  These d e r i v a t i v e s  are then used to  determine 

the  i n e r t i a l  forces a c t i n g  on each f i n i t e - d i f f e r e n c e  mass p o i n t  and these ,  com- 

bined with the i n t e r n a l  f o r c e s  ca l cu la t ed  f r o m  t h e  smoothed p o s i t i o n s ,  a l l o w  

the  r e s u l t a n t  ex te rna l  f o r c e s  a c t i n g  on each m a s s  p o i n t  of t he  r i n g  t o  be cal- 

cu la ted .  

In  order t o  develop and eva lua te  the  method, r i n g  mass-point p o s i t i o n  

data output  from t h e  example JET 1 run  given i n  Appendix B of  R e f .  1 w a s  used 

as inpu t  to  TEJ 1. The r e s u l t s  showed that when exac t  p o s i t i o n s  w e r e  used, 

exac t  fo rces  were ca l cu la t ed  by TEJ 1. However, experimental  p o s i t i o n  data 

obtained f r o m  high-speed f i l m s  of the  ro to r -bu r s t  tests are n o t  on ly  too 

sparse  i n  time ( t h e  c u r r e n t  minimum i n t e r v a l  between camera frames i s  28 psec 

and the  f i n i t e - d i f f e r e n c e  cyc le  time f o r  a typical r i n g  i s  about 1/10 t h i s  

va lue)  bu t  also it is  i n e v i t a b l e  t h a t  reading e r r o r s  and u n c e r t a i n t i e s  are pro- 

duced when t h e  f i l m  records are reduced t o  provide d i g i t a l  r i n g  p o s i t i o n  data. 

These e r r o r s  can be demonstrated t o  have an approximate Gaussian d i s t r i b u t i o n  

about a mean va lue ,  with a c h a r a c t e r i s t i c  probable error (PE) i nhe ren t  with 

the  data reading and reduct ion  process. 

To i n v e s t i g a t e  what e f f e c t  varying degrees  of error contained i n  t h e  

p o s i t i o n  d a t a  would have on t h e  r e s u l t s  from TEJ 1, t h e  posi t ion-t ime data 

obtained from t h e  JET 1 example of Ref. 1 (he rea f t e r  r e f e r r e d  t o  as t h e  "exact" 

data) w e r e  per turbed with a Gaussian s e t  of random e r r o r s  with a mean of  zero,  

and a PE as  low as 0.0001 inch,  Linear i n t e r p o l a t i o n  w a s  used i n i t i a l l y  t o  

supply p o s i t i o n s  t o  TEJ 1 between the  "supplied p o s i t i o n  data" which w a s  spaced 

i n  t i m e  so t h a t  it simulated a v a i l a b l e  f i l m  record data. The f o r c e s  obtained 

from TEJ 1 using t h i s  simulated PE = 0.0001 inch  per turbed,  sparse p o s i t i o n  data 

(he rea f t e r  r e f e r r e d  to as t h e  "inexact" data) showed no recognizable  c o r r e l a t i o n  

with the  '*exact" f o r c e s  which were used as inpu t  data f o r  JET 1. Since tests 

made on p o s i t i o n  data obtained from fi lm records (discussed f u l l y  i n  

* 

* 
The J E T  1 example mentioned here  and t h e  JET 2 example 1 r e f e r r e d  to  i n  subse- 

quent s ec t ions  should be considered equiva len t ,  when the  JET 2 example 1 is  t h e  
JET 1 example c a r r i e d  o u t  by using t h e  JET 2 program. 
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Subsection 3-2.2) showed t h a t  t h e  a c t u a l  minimum va lues  of probable error a r e  

on t h e  order  of 0.01 inch,  it w a s  concluded t h a t  t he  p o s i t i o n  d a t a  would have 

to  be improved s u b s t a n t i a l l y  by smoothing techniques before  they could be used 

t o  ob ta in  a s a t i s f a c t o r y  estimate of t h e  i n t e r a c t i o n  fo rces .  

3.2.1.2 Smoothing Methods 

Of t h e  va r ious  smoothing methods t r i e d ,  t he  following method proved t o  

be the  m o s t  e f f i c i e n t  and yielded t h e  b e s t  r e s u l t s .  The f i r s t  s t e p  cons is ted  

of smoothing t h e  p o s i t i o n  d a t a  f o r  t he  r i n g  a t  each i n s t a n t  of t ime,  including 

assumed i n i t i a l  va lues  before  time zero.  I f  a t  each time i n s t a n t ,  each y , z  

mass p o i n t  coord ina te  set  i s  p l o t t e d  a g a i n s t  m a s s  p o i n t  number, it i s  poss ib l e  

t o  genera te  smooth curves which desc r ibe  approximately t h e  shape of the  r i n g  

based upon the  set  of measured d a t a ,  i n  a least  squares  sense.  Because each 

curve i s  c y c l i c  i n  na ture  (closed r i n g ) ,  Four ie r  c o e f f i c i e n t s ,  including both 

s i n e  and cosine Four ie r  series w e r e  ca l cu la t ed  a t  each t i m e  i n s t a n t  corre-  

sponding t o  t h e  camera framing t i m e s  t o  r ep resen t  t h e  instantaneous r i n g  con- 

f igu ra t ion .  

The next  s t e p  used Legendre polynomials t o  approximate (smooth) t h e  time- 

v a r i a t i o n  of each Four ie r  c o e f f i c i e n t  ca l cu la t ed  i n  the  f i r s t  step. Once the  

Legendre c o e f f i c i e n t s  were ca l cu la t ed ,  t h e  smoothed ( i n  time) va lues  of t h e  

Fourier  series c o e f f i c i e n t s  could be ca l cu la t ed  a t  any time des i r ed ,  and thus  

the  smoothed x ,y  mass-point p o s i t i o n s  were obtained as required f o r  t he  T E J  1 

program (see Subsections 3.2.4.1 and 3.2.4.2 f o r  g r e a t e r  d e t a i l )  

3.2.1.3 Resul t s  Using TEJ  1 

The f o r c e  ve r sus  t i m e  r e s u l t s  obtained using smoothed " inexact"  posi t ion 

d a t a  i n  TEJ 1 showed t h a t  f o r c e s  which resembled t h e  correct f o r c e s  were ob- 

ta ined  i f  t h e  probable error inhe ren t  i n  t h e  pos i t i on  d a t a  d id  n o t  exceed a 

value of 0,003 inch.  However, a probable error of less than about 0.0005 inch 

w a s  requi red  to  o b t a i n  'rgoodrr fo rces .  These va lues  of probable e r r o r  are con- 

s iderably  less than what can be obtained from t h e  high-speed p i c t u r e s  a t  

present .  Thus t h e  conclusion w a s  made t h a t  t h e  TEJ 1 program w a s  no t  capable 

of c a l c u l a t i n g  acceptab le  estimates of t h e  i n t e r a c t i o n  f o r c e s  and t h a t  con- 

s ide rab le  improvement of  t h e  method and perhaps t h e  accuracy of t h e  measured 

11 



pos i t i on  d a t a  w a s  required.  

3.2.2 C h a r a c t e r i s t i c s  of t h e  P o s i t i o n  Data Obtained f r o m  

High-speed Motion P i c t u r e s  of Spin-Chamber Tests 

3.2.2.1 Description of Experimental Method 

Spin-chamber tests have been performed success fu l ly  on a large v a r i e t y  

of f u l l - s c a l e  containment r i n g s  a t  t h e  Naval A i r  Propulsion T e s t  Center ,  

Phi lade lphia ,  Penn. since 1965. The purpose of these  tests has been t h e  gen- 

eration of exce l l en t  q u a l i t y  high-speed motion pictures of spin-chamber tests which 

could be used to  i l l u s t r a t e  c l e a r l y  what happens during a high-energy fragment- 

r i n g  c o l l i s i o n .  I n  order  t o  f u l f i l l  t h e  need f o r  high q u a l i t y  p o s i t i o n  vs .  

time d a t a  t o  support  MIT8s a n a l y t i c  e f f o r t ,  tests by NaPTC have been made and 

f i lms  taken of va r ious  ring-fragment i n t e r a c t i o n  tests. Of t h e  seve ra l  t es t  

r e s u l t s  a v a i l a b l e ,  t w a  s i n g l e  blade i n t e r a c t i o n  tests, r e f e r r e d  t o  h e r e a f t e r  as 

T e s t s  88 and 91 (Ref. 3) are discussed i n  d e t a i l  i n  t h i s  r epor t .  Both tests 

involved the  impact of a s i n g l e  3.5-in, long T-58 tu rb ine  rotor blade,  r o t a t i n g  

before  release a t  about 15,600 RPM, i n t o  a 17.6-inch diameter ,  0.152-inch th i ck ,  

1.507-inch long 2024-T4 aluminum containment r ing .  I n  each case, high-speed 

motion p i c t u r e s  were taken of t h e  event  a t  a magnif icat ion of film-image s i z e  t o  

f u l l - s c a l e  s i z e  of about 0.011, A t o t a l  of about 100 frames w a s  taken of each 

t e s t  a t  a framing rate of about 33,000 p i c t u r e s  pe r  second. Thus the  to ta l  

wr i t ing  time i n  eacn tes t  w a s  about 0.002800 second, and t h e  average time be- 

tween frames w a s  about 30 psec. 

Each r i n g  w a s  pa in ted  with black, nonreflec.t ing p a i n t  before  the  t e s t  

and r a d i a l  l i n e s  were machined i n t o  one end of t h e  r i n g  corresponding t o  7 2  

equally-spaced mass-station loca t ions .  Thus, photographs of t he  mass-station 

loca t ions ,  when viewed with t h e  f i l m  reade r ,  appear as d o t s  which make up a 

"segmented r ing"  

3,2.2,2 Qual i ty  of t he  Pos i t i on  Data 

F i l m  p o s i t i v e s  w e r e  made of both t es t  f i l m  records ,  and each w a s  read 

on an automated l a r g e  screen x,y viewer. This  device has a manufacturer- 

spec i f ied  s e n s i t i v i t y  of 1 micron (0.00003937 inch)  on the  f i l m  p lane ,  Thus, 
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s ince  the  camera magnif icat ion w a s  approximately 0.01, t h e  o v e r a l l  s e n s i t i v i t y  

of t he  reader  i s  about 0.004 inch  on t h e  f u l l - s c a l e  r i n g ,  The f i l m  reader  uses  

a 1-to-50 image magnifier t o  enable the  operator t o  p o s i t i o n  the  r e t i c l e  a t  

each m a s s  s t a t i o n  to  be read.  I n  a l l  cases, t h i s  magnif icat ion i s  high enough 

f o r  t h e  f i lm  g r a i n s  to  be viewed on the  screen.  Thus t h e  opera tor  must p o s i t i o n  

the  reticle a t  each m a s s  s t a t i o n  using a p a t t e r n  of varying d e n s i t y  g r a i n s  as 

a guide. 

e 

I n  an e f f o r t  t o  determine t h e  maximum accuracy obta inable  using the  equip- 

ment a v a i l a b l e  a t  NAPTC, a s t i l l  camera, with a l e n s  system super ior  t o  the  high- 

speed camera, w a s  used t o  t ake  a p i c t u r e  of a s ta t ic  r i n g  a t  a l a r g e r  magnifica- 

t i o n  than used during t h e  dynamic tests. The r e s u l t i n g  f i lm  w a s  then viewed i n  

the  f i l m  reader  and a known c h a r a c t e r i s t i c  l eng th  w a s  read several t i m e s .  These 

r e s u l t s  were analyzed t o  f i n d  t h e  probable error (PE) from a mean value.  The PE 

value of 2-12 microns obtained on t h e  f i l m  plane o r  0.0045 inch on the  f u l l -  

scale r i n g ,  i s  p resen t ly  considered t o  be t h e  minimum PE obta inable  f o r  m e a -  

sur ing  t h e  p o s i t i o n  d a t a  a t  NAPTCp given "per fec t"  photographs. I t  i s  recog- 

nized t h a t  t h e  PE obta inable  from less than p e r f e c t  high-speed photographs w i l l  

be g r e a t e r .  

An estimate of t h e  average PE of t h e  pos i t i on  d a t a  obtained from T e s t s  88 

and 91 w a s  obtained as follows, Each p o s i t i o n  on each f i l m  record w a s  read a 

t o t a l  of 4 times, and t h e  x , y  coord ina tes  of each reading were au tomat ica l ly  

punched on IBM cards .  Next, each set of 4 readings w a s  averaged and a devi -  

a t i o n  for each separate reading from i t s  mean value w a s  ca l cu la t ed ,  These 4 

dev ia t ions  were then used t o  c a l c u l a t e  a probable error f o r  each po in t .  

F i n a l l y ,  t he  arithmetic average of a l l  t he  probable e r r o r s  thus  ca l cu la t ed  was 

found, The average PE f o r  both tests w a s  e s s e n t i a l l y  t h e  same and was equal t o  

approximately 3.5 microns on t h e  f i l m  p lane  or about 0.012 inch* on the  f u l l -  
scale r ing .  Th i s  va lue  of average PE is i n  gene ra l  l o w e r  than t h a t  found on previ -  

ous tests mentioned i n  Ref. 1. 

a t t r i b u t e d  t o  b e t t e r  q u a l i t y  p i c t u r e s  and experience i n  reading t h e  f i l m .  

The improvement i n  the  PE of the  p o s i t i o n  d a t a  is 

* 
This  va lue  of t he  probable e r r o r  i s  approximated by PE = 0.01 i n  t h e  r e s t  of 

t h e  report, 
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Although the  arithmetic average of t h e  PE of the  m a s s  p o i n t  p o s i t i o n  d a t a  

has been determined as j u s t  descr ibed ,  it i s  u s e f u l  t o  estimate t h e  PE of t he  

loca t ion  of the  mean-position d a t a  (average of  t h e  four  readings c i t e d )  s ince  

only t h e  mean-posit ion d a t a  are f i n a l l y  employed i n  t h e  TEJ-type a n a l y s i s  which 

i s  discussed la ter .  Such an estimate f o r  t h e  e f f e c t i v e  PE of t h e  mean-position 

da ta  i s  given by: 

where 

i s  t h e  probable e r r o r  of each ind iv idua l  reading reading 
n i s  the  number of readings averaged 

(PEeffec t i v e  

I n  Eq. 1 it i s  now assumed t h a t  t h e  PE of each reading i s  equal  t o  t h e  a r i t hme t i c  

average PE. Thus, f o r  t h e  mean p o s i t i o n  da ta  obtained from Tests 88 and 91, t h e  

e f f e c t i v e  PE is approximately 0.012/& = 0.006 inch.  

i s  t h e  r e s u l t a n t  e f f e c t i v e  PE of t he  average of n readings  

3.2.3 U s e  of JET 1 Resul t s  t o  Develop and T e s t  TEJ 2 

The J E T  1 example chosen t o  genera te  p o s i t i o n  d a t a  f o r  developing and 

t e s t i n g  T E J  2 w a s  a 7.3375-in. midsurface-radius c i r c u l a r  r i n g ,  0.125-in. 

t h i ck ,  1.0-in,  long, made of 6061-T6 aluminum. The forc ing  func t ion  chosen 

w a s  a t r iangular ly-shaped pu l se l  l a s t i n g  400 microseconds with a peak value 

of 10,000 pounds a t  t = 200 microseconds. The to ta l  fo rce  w a s  d i s t r i b u t e d  

over a 25-degree segment of t he  r i n g  i n  t h e  shape of  a ha l f - s ine  wave a t  an 

angle  of 2 1  deg. t o  the  local tangent.  The complete r i n g  w a s  f i n i t e - d i f f e r -  

enced i n t o  72 equal-mass segments. 

I n  order  t o  approximate t h e  NAPTC p o s i t i o n  d a t a  c h a r a c t e r i s t i c s ,  random 

numbers with a mean of zero and a Gaussian d i s t r i b u t i o n  such t h a t  t h e  probable 

error from the  mean w a s  0.01 inch  t o  conform t o  t h e  r e s u l t s  descr ibed i n  Sub- 

sec t ion  3.2.2.2 f o r  t h e  nonaveraged d a t a  w e r e  generated and added to  t h e  JET 1 

example exac t  p o s i t i o n  d a t a .  

r ep resen t  t he  a c t u a l  NAPTC da t a  s ince  it i s  known t h a t  t h e  PE of t he  experi-  

mental da t a  var ies  with both time and p o s i t i o n  on t h e  r i n g .  

exac t  na ture  of t h e  p o s i t i o n  errors and how they va ry  i s  no t  w e l l  enough known 

to  j u s t i f y  employing a more soph i s t i ca t ed  error r ep resen ta t ion  of  the  NAPTC 

da t a  

This  set  of " inexact"  data does n o t  p e r f e c t l y  

However, t h e  

These d a t a  w e r e  then used i n  TEJ 2 with a s soc ia t ed  programs ( to  be de- 

sc r ibed)  and the  " f i n a l  forces"  ca l cu la t ed  therefrom were compared with the  

"exact" f o r c e s  used o r i g i n a l l y  i n  J E T  1, i n  order  to  eva lua te  and t o  guide the  
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development of t h e  method f o r  deducing t h e  ring-fragment i n t e r a c t i o n  fo rces .  

3.2,4 Analy t ica l  Smoothing of t h e  Pos i t i on  D a t a  

3.2.4.1 Method Used t o  Smooth t h e  Posi t ion Data 

The method used t o  smooth (and approximate) t h e  p o s i t i o n  d a t a  f o r  use  

i n  TEJ 2 w a s  e s s e n t i a l l y  t h e  same as t h a t  used i n  T E J  1 as  summarized i n  Sub- 

sec t ion  3.2.1.2. The averaged y , z  m a s s  s t a t i o n  coord ina tes  a t  each time step 

corresponding to  t h e  high-speed f i l m  reco rds  of t h e  NAPTC tests w e r e  each 

p l o t t e d  a g a i n s t  mass s t a t i o n  number, The curves thus  c rea ted  w e r e  smoothed i n  

space using Four ie r  series" ( including ba th  s i n e  and cos ine  terms) s ince  both 

t h e  y and t h e  z coord ina tes  are c y c l i c  i n  nature .  The new space smoothed r i n g  

shape i s  t h u s  based on t h e  set  of measured d a t a  i n  a least  squares  sense. 

G r a m  orthogonal polynomials* w e r e  then used to  generate  a smooth time- 

v a r i a t i o n  curve of each Four ie r  c o e f f i c i e n t  i n  the  above s tep .  G r a m  polynomials 

replaced t h e  Legendre polynomials used i n  t he  TEJ 1 program because G r a m  poly- 

nomials are orthogonal under summation whereas Legendre polynomials are orthogo- 

n a l  under in t eg ra t ion .  Since t h e  p o s i t i o n s  are d i s c r e t e  d a t a  (not  f u n c t i o n s ) ,  

summation r a t h e r  than i n t e g r a t i o n  i s  proper .  

Once the  G r a m  c o e f f i c i e n t s  are ca l cu la t ed ,  t he  time-smoothed va lues  of 

t he  Fourier  series c o e f f i c i e n t s  can be ca l cu la t ed  a t  any time des i r ed  and the  

Fourier  c o e f f i c i e n t s  can then be used t o  genera te  t h e  doubly-smoothed"" va lues  

of p o s i t i o n  as requi red  f o r  t h e  T E J  2 program. 

3.2.4.2 Method Used to Find t h e  O p t i m u m  N u m b e r  of Polynomials 

t o  be Used i n  Smoothing t h e  D a t a  

The smoothing process descr ibed above accomplishes t w o  t h ings :  

1, I t  improves t h e  "inexact" p o s i t i o n  d a t a  by decreasing t h e  

e f f e c t i v e  probable error. 

2. It allows t h e  c a l c u l a t i o n  of in te rmedia te  ( in t e rpo la t ed )  

va lues  of p o s i t i o n s  requi red  by t h e  TEJ 2 program. 

However, it is not  obvious how many Four ie r  and G r a m  polynomials should be used 
98 

A l l  smoothing (or approximate-f i t )  methods mentioned i n  t h i s  r e p o r t  are de- 

That i s ,  f i r s t  i n  space and then i n  t i m e .  

sc r ibed  i n  d e t a i l  i n  Ref. 4.  
** 
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t o  obtain a set of optimally-smoothed pos i t i ons .  

I n  order  t o  determine sys temat ica l ly  the  optimum numbers of polynomials 

t o  use,  " inexact"  pos i t i on  da ta  were smoothed with successively increasing 

numbers of polynomials (where t h e  number of Fourier  and the  G r a m  t e r m s  used 

were var ied  one a t  a t i m e )  and the  r e s u l t s  for each case were compared with 

the  "exact" r e s u l t s ,  I t  i s  obvious t h a t  f o r  a deformed r i n g ,  t he  smoothed 

pos i t i ons  w i l l  not  c l o s e l y  approximate the  t r u e  pos i t i ons  f o r  l o w  numbers of 

polynomials. In  o the r  words, t he  "smoothed" pos i t i ons  should improve as more 

polynomials are used. 

polynomials can give poorer r e s u l t s .  

were incorporated,  t he  smoothed pos i t i ons  s t a r t e d  to  degrade due t o  the  smooth 

cu rve ' s  attempting to follow the  e r r o r s  r a t h e r  than smooth them out .  Using a 

t r i a l  and e r r o r  method f o r  a PE = 0.01 inch " inexact"  pos i t i on  d a t a ,  where the  

c r i t e r i o n  f o r  opt imizat ion of the  number of Fourier  harmonics w a s  the  mini- 

mization of the  o v e r a l l  average PE between the  inexac t  pos i t i on  data and the  re- 

s u l t i n g  smooth curve approximation a t  a number of se lec ted  i n s t a n t s  i n  t i m e ,  t he  

*'optimum" number of Fourier  harmonics w a s  found t o  be approximately 15. 

procedure described i n  subsect ion 3 . 3 . 3  it w a s  determined t h a t  t he  optimum 

number of G r a m  polynomials f o r  time smoothing i s  about 7. 

What i s  perhaps not  obvious is that the  use of too many 

Thus as higher numbers of polynomials 

By t h e  

The process used t o  a r r i v e  a t  the  optimum number of Fourier  c o e f f i c i e n t s  

i s  i l l u s t r a t e d  i n  Fig. 8 where t h e  o v e r a l l  average probable e r r o r  between the  

JET 2 example 1 syn the t i c  pos i t i on  d a t a  and t h e  space smoothed d a t a  i s  p lo t t ed  

aga ins t  t he  number of F* u r i e r  c o e f f i c i e n t s  used t o  smooth the  "data" a t  

var ious t i m e s  during t h e  r i n g  response. This f i g u r e  shows t h a t  t h e  choice of 

15 c o e f f i c i e n t s  is a compromise between varying requirements f o r  t he  d i f f e r -  

e n t  p r o f i l e  shapes and is a t r u e  optimum value only f o r  t h e  JET 2 r i n g  pro- 

f i l e  occurring around the  response t i m e  of 300 psec. In  a s t r ic t  sensep  these  

values  should be considered appl icable  only t o  the  "inexact" data used with 

t h e i r  assoc ia ted  PE, t h e  number of mass s t a t i o n s  used, and the  type of forc ing  

funct ions chosen. (The optimum number of Fourier  harmonics w a s  found t o  be 

dependent i n  varying degrees upon the shape of the  r i n g  which w a s  being smoothed, 

For example, i f  the  r i n g  i s  undeformed, i .e.,  a c i rc lep  then t h e  optimum number 

of s p a t i a l  harmonics would be 1.) Howeverp s ince  the  t r a n s i e n t  deformation 

shapes of t he  r i n g s  t e s t e d  a t  MAPTC w e r e  s imi l a r  t o  the  shapes ca lcu la ted  i n  
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t he  JET 1 example, and t h e  average PE of  t h e  " inexact"  d a t a  w a s  t h e  same as 

t h a t  ca l cu la t ed  f o r  t h e  NAPTC d a t a ,  it w a s  assumed t h a t  t h e  "optimum" number of 

smoothing t e r m s  found above w a s  app l i cab le  to  t h e  M A P T C  da t a ;  hence, a l l  suc- 

ceeding c a l c u l a t i o n s  involving smoothing of p o s i t i o n  d a t a  i n  space and t ime, 

used 15 Four ie r  harmonics i n  space and 7 G r a m  polynomials i n  t i m e .  

t hese  r e s u l t s  t o  p o s i t i o n  d a t a  i n  which t h e  PE i s  e i t h e r  more or less than 

0.01 inch ,  one would f i n d  that for a PE less than 0.01 inch ,  t he  optimum number 

of smoothing terms would be g r e a t e r  than  requi red  f o r  a PE = 0.01 inch,  and 

conversely,  f o r  a PE g r e a t e r  than 0.01 inch,  a lesser number of terms would be 

requi red  to  o b t a i n  t h e  optimum smoothed curve.  

Cxtrapolat ing 

3.2.5 U s e  of a Sca lar  Kalman F i l t e r  t o  Find t h e  Optimum Forces 

3.2.5.1 In t roduct ion  

I f  t h e  dynamics of  an i d e a l  system with exac t  known condi t ions  are c o m -  

p l e t e l y  understood and i f  some measurements of the  system with t h e i r  associ- 

a t ed  errors and u n c e r t a i n t i e s  are a v a i l a b l e r  then ,  on t h e  b a s i s  of a l l  t h e  

measurements obtained up t o  a given ( t h e  p re sen t )  t ime, it i s  poss ib l e  t o  de- 

termine the  - m o s t  l i k e l y  va lues  of t h e  state of t h e  system. 

determining these  m o s t  l i k e l y  va lues  i s  c a l l e d  smoothing, f i l t e r i n g ,  or pre- 

d i c t i o n ,  depending on whetherr r e s p e c t i v e l y ,  past, p re sen t ,  or f u t u r e  e s t ima tes  

of t he  state of t h e  system a r e  t o  be found 151. 

The process  of 

I n  t h i s  study, a f i l t e r i n g  procedure w a s  used to  c a l c u l a t e  a t  t h e  p r e s e n t  

i n s t a n t  i n  time an optimum value of t h e  ex te rna l  f o r c e  a c t i n g  a t  each of 72 

p o i n t s  marked on t w o  aluminum r i n g s  impacted by s i n g l e  rotor blade fragments 

i n  NAPTC tests, based on t w o  va lues  of f o r c e  a t  each mass po in t  (one ca l cu la t ed  

and one est imated)  and t h e i r  associated l e v e l s  of confidence,  

The Kalman f i l t e r  [6] enables  one to  c a l c u l a t e  i n  a s t ra ight forward  

manner optimum values  of a quan t i ty ,  given several measurements and/or esti- 

mates and t h e i r  a s soc ia t ed  confidence l e v e l s ,  The optimum value thus  calcu- 

l a t e d  w i l l  have a confidence l e v e l  which w i l l  always be g r e a t e r  than any of 

the  measurementgestimate va lues  which were used as  inpu t  to  c a l c u l a t e  t he  

optimum value  
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3,2.5,2 Description of a Scalar  Kalman F i l t e r  

The s c a l a  Kalman f i l t e r  formula f o r  t he  variance* a f t e r  a d i s c r e t e  

measurement o r  es t imate  i s  incorporated i s  [ 5 ] :  

2 
- - 

w 

2 2. 

O#-I Dn?, 

where 

and 2 
m 0 

k 

Equation 2 i s  also 

are t h e  var iances  assoc ia ted  with somehow-known values 

before and after t h e  incorporat ion of the  k t h  measurementp - 
r e spec t ive ly ,  

i s  the  var iance of the  k t h  measurement - or k t h  piece of 

information from any source 

ca l l ed  the  "maximum l ike l ihood formula" f o r  combining t h e  

var iances  of a quan t i ty  which conta ins  t w o  independent e r r o r  sources. 

The Kalman f i l t e r  can be expressed a l s o  i n  terms of both t h e  measure- 

ments and the  var iances:  

where 

and a r e  the  "optimum" values  of a quan t i ty  before and a f t e r  %-1 
t he  inc lus ion  of t he  k t h  measurementp r e spec t ive ly  

and R i s  the  k th  measurement value.  
"k 

* 
2 The variance (J of a subset ,xi ,  i s  the name given to  t h e  square ,yof t h e  

standard devia t ion  (3 of t h e  subse t  and i s  approximated by 0 2 - - %=, (xn" - K a  
(4 -  1 )  

where k i s  the  number of va r i ab le s  i n  t h e  subset and is the  average of a l l  

the  x ' s .  n 
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N o t e  t h a t  t he  r e s u l t i n g  va lue  of 9- depends on t h e  ra t io  between 
K 

2 
k-1 m U2 and U Thus, for example, i f  t h e  confidence level of t he  new measure- 

k 
i s  known to  have a high error assoc ia ted  with it) 

k m 
..k - Rm ment R i s  l o w  ( i - e - ,  

L then (sL w i l l  be much l a r g e r  than Ok-l and 

inc lus ion  of R i n t o  t h e  es t imat ion  of adds l i t t l e  t o  t h e  accuracy of t h e  

"estimated optimum" value.  

U 

reading e 

I n  o the r  words,' t he  
k m 

k m 

On t h e  o the r  hand, i f  U2 m i s  l o w  compared with 
k 

then \% Rm and the  new va lue  would be g r e a t l y  a f f e c t e d  by t h e  new 
k k-1 ' 

As a numerical example of t h e  above, suppose one i s  given a r e s i s t o r  

with a color code which i n d i c a t e s  t h a t  i t s  r e s i s t a n c e  i s  l O O Q  with a 5% un- 

c e r t a i n t y .  From t h i s  information R = l O O R  and Uk-l = ( .05 l2 = 25 x 10  . 
Now suppose t h a t  t h e  resistor is  measured on an ohm meter which has an unce r t a in ty  

of 1%. 

Subs t i t u t ing  these  va lues  i n t o  Eq. 3 ,  t h e  b e s t  estimate of t h e  r e s i s t a n c e  i s  

ca lcu la ted  to  be equal to about 104.8. The var iance  associated with t h i s  

optimum value  i s  ca l cu la t ed  from Eq. 2 and i s  equal  t o  about 0.962 x 

N o t e  t h a t  t h i s  value i s  an  improvement over t h a t  of t he  meter reading alone. 

2 -4 
0 

-4 The meter measures t h e  r e s i s t a n c e  t o  be 105R = Rm , where U2 = 1 x 1 0  . 
k "k 

Thus, t h e  Kalman f i l t e r  can be used to  calculate the  "optimum value" of 

a quan t i ty  i n  a simple and s t ra ight forward  manner when one i s  given severa l  

independent measurements of t he  quan t i ty  and t h a t  t h e  optimum value thus  

obtained w i l l  have an unce r t a in ty  value lower than any of t he  measurements 

(or estimates) used to  o b t a i n  t h e  value.  

3 . 2 . 5 . 3  Methods Used t o  Estimate t h e  Forces 

Estimates of t h e  seve ra l  f o r c e s  a c t i n g  upon t h e ' r i n g  caused by the  

impact of t h e  rotor blade were made from t w o  major sources  of  information. 

The f i r s t  and m o s t  important source was t h e  high-speed photographs taken of 

t h e  ring-fragment i n t e r a c t i o n  during t h e  test ,  and the  second came from t h e  

(known) i n i t i a l  condi t ions  of t h e  fragment as it impacts the  r ing .  
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Several  items of information were der ived from t h e  photographs: 

Since the  impact of t he  s i n g l e  blade i n t o  t h e  r i n g  w a s  non- 

symmetric ( i e e e ,  the  overall. summation of t h e  ex te rna l  f o r c e s  

ac t ing  on t h e  r i n g  d i d  no t  equal  zero)  it w a s  possible to  

average the  i n e r t i a l  p o s i t i o n s  of a l l  t h e  m a s s  s t a t i o n  p o s i t i o n s  

f o r  each picture  and thus  o b t a i n  y and z posit ion-time loc i  of 

the  c ,g .  of t he  r ing .  These t w o  curves  w e r e  then smoothed i n  

time using G r a m  polynomials. The r e s u l t i n g  smoothed y and z 

posit ion-time curves w e r e  d i f f e r e n t i a t e d  t w i c e  to o b t a i n  

estimates of the  c .g ,  acce le ra t ion  versus  time of each r ing .  

Knowing t h e  m a s s  of each r i n g  and the  time between photographs, 

t he  o v e r a l l  f o r c e s  ac t ing  on each r i n g  could then be ca l cu la t ed ,  

Since 72 p o i n t s  were averaged to  ob ta in  t h e  c.g. of t h e  r i n g  

as a func t ion  of time, t h e  error involved with the  c.g.  l oca t ion  

i s  considerably less than t h e  error assoc ia ted  with each m a s s  

s t a t i o n  p o s i t i o n  reading.  This  supposi t ion i s  confirmed by 

Eq. 1 i n  Subsection 3.2.2.2 when c a l c u l a t i n g  the  var iance  

assoc ia ted  with t h e  average of t h e  readings.  Thus, t hese  

o v e r a l l  f o r c e  estimates have a r e l a t i v e l y  low error level 

assoc ia ted  with them compared with o the r  va lues  of i n t e r e s t .  

Information such as a genera l  estimate of the  d i r e c t i o n  of t h e  

fo rce  vec to r  can be made from t h e  p i c t u r e s .  The area of applica- 

t i o n  of t h e  f o r c e s  i s  also obtained by not ing the  l o c a t i o n  of 

the  fragment (or fragments) i n  each photograph. Conversely, and 

of perhaps more importance, areas where t h e  ex te rna l  f o r c e s  a r e  

known t o  be zero can e a s i l y  be noted ( i e e e ,  areas obviously not  

i n  con tac t  with t h e  fragment).  

F ina l ly ,  it i s  sometimes poss ib l e  to  calculate the  o v e r a l l  f o r c e s  

a c t i n g  on the  fragment (or fragments) by measuring t h e  fragment 

c o g .  v s ,  time locus as descr ibed above for t h e  r ing .  This method 

w a s  not u se fu l  i n  t h e  case of t h e  s i n g l e  blade impact s ince  f o r  

p r a c t i c a l  app l i ca t ion  t h e  fragment must, i n  gene ra l ,  be nondeforming 
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and l a r g e  enough so t h a t  fragment posi t ion measurements can be 

made accura te ly .  

The second source of information ( the  i n i t i a l  condi t ions  of t he  fragment 

as it impacts t h e  r ing)  inc ludes  such items as t h e  dimensions and weight, t h e  

i n i t i a l  t r a n s l a t i o n a l  and angular v e l o c i t y ,  and the  ca l cu la t ed  va lues  of 

k i n e t i c  energy and momentum of t h e  fragment. While these  q u a n t i t i e s  do not  

y i e ld  q u a n t i t a t i v e  va lues  f o r  fo rces ,  they are use fu l  f o r  g iv ing  i n s i g h t  i n t o  

the  phenomenon and can be used t o  check fo rce  estimates obtained i n  o the r  ways. 

3.2.5.4 Methods Used to  Estimate the  Variances f o r  U s e  i n  t he  

Kalman F i l t e r  

The Kalman f i l t e r  r e q u i r e s  a va lue  of t h e  var iance  f o r  each piece of 

"information" used i n  t h e  c a l c u l a t i o n  of an  optimum quan t i ty .  I n  t h e  case 

of TEJ 2 ,  ( t o  be descr ibed i n  Subsection 3.2.6) t h e  Kalman f i l t e r  i s  used t o  

f i n d  t h e  optimum impact f o r c e s  a c t i n g  on a containment r i n g ,  given (1) an 

estimate of the  f o r c e s  (as discussed i n  Subsection 3.2.5.3) and ( 2 )  a ca l cu la t ed  

value obtained from using t h e  reversed equat ions of motion as discussed i n  

Subsection 3.2.1 f o r  T E J  1. Unfortunately,  t h e  va lues  of these  var iances  a r e  

not  known f o r  t he  case where experimental ly  measured containment r i n g  pos i t i on  

da ta  are used i n  TEJ 2. Therefore it w a s  necessary t o  estimate these  var iance 

va lues  on the  b a s i s  of s t u d i e s  conducted using t h e  "data" obtained from t h e  

J E T  1 example desqribed earlier. 

VARIANCE ASSOCIATED WITH THE APPLIED EXTERNAL FORCES 

To f i n d  the  var iance  assoc ia ted  with t h e  TEJ 1 type ca l cu la t ed  f o r c e ,  

t h e  15 Four ie r  harmonics and 7 G r a m  polynomials - smoothed PE = e O 1  i n ,  "i 

p o s i t i o n  d a t a  from t h e  re ference  JET 1 example were s u b s t i t u t e d  i n t o  TEJ 1, and 

ca l cu la t ed  f o r c e s  were obtained for each of t h e  72 mass s ta t ions ,  Next, t h e  

f o r c e s  ca l cu la t ed  f o r  t h e  area on t h e  r i n g  where t h e  exac t  f o r c e s  had been ap- 

p l i e d  i n  J E T  1 t o  o b t a i n  t h e  o r i g i n a l  "exact" posit ions were compared with t h e  

' ' inexact" forces and t h e  d i f f e r e n c e s  between t h e  "exact" and ca l cu la t ed  force 

va lues  were used t o  obtain an  average value of t h e  var iance  f o r  t h e  ca l cu la t ed  

f o r c e s  e 
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The estimated fo rces  were obtained from t h e  inexac t  pos i t i on  da ta  by d i f -  

f e r e n t i a t i n g  t w i c e  with r e spec t  t o  t i m e  t he  7 G r a m  polynomial smoothed center- 

of-gravi ty  locus obtained from t h e  JET 1 "inexact"  d a t a  t o  obta in  an estimate of 

the  o v e r a l l  acce l e ra t ion ,  and thus  t h e  ex te rna l  f o r c e s  ac t ing  on the  r ing .  The 

ove ra l l  ex t e rna l  fo rces  obtained were "assumed" t o  be d i s t r i b u t e d  i n  a ha l f  s ine  

wave fashion over f i v e  m a s s  s t a t i o n s  and t h e  r e s u l t i n g  ind iv idua l  fo rces  w e r e  

compared with the  *'exact" fo rces  which also were prescr ibed t o  have a half  s i n e  

wave d i s t r i b u t i o n  over these  same f i v e  mass s t a t i o n s .  The devia t ions  between the  

"exact" and the  "es ted" va lues  were then used t o  c a l c u l a t e  an average value of 

var iance f o r  t he  estimated forces .  

The average values of t h e  rms dev ia t ion  obtained f o r  t he  ca lcu la ted  

and estimated fo rces  i n  t h e  area where ex te rna l  fo rces  are appl ied were 5000 

and 1000 pounds, respec t ive ly ;  these  values are based on a peak t o t a l  fo rce  

equal t o  10,000 pounds (see Subsection 3 . 2 . 3 ) .  N o t e  t h a t  the ca lcu la ted  va lues  

of force  appear t o  be much less r e l i a b l e  than the  estimated values .  There are 

a t  l e a s t  two reasons f o r  t h i s  r e s u l t .  F i r s t ,  the  c.g.  locus upon which the  

estimated forces  are based i s  a c t u a l l y  an average of 7 2  mass pos i t i ons  a t  each 

i n s t a n t  of time, and thus should be considerably more r e l i a b l e  than each 

individual  pos i t i on  vs .  t i m e .  Second, t h e  ind iv idua l  fo rces  ac t ing  upon each 

ind iv idua l  mass s t a t i o n  include not  only the  ex te rna l ly  appl ied fo rces  but  also 

i n t e r n a l  e l a s t i c  fo rces  a s  w e l l .  The degree t o  which the ex te rna l  fo rces  a r e  

co r rec t ly  estimated depends t o  a g r e a t  ex ten t  on how w e l l  t he  i n t e r n a l  fo rces  

a r e  ca lcu la ted .  These i n t e r n a l  f o r c e s  are d i r e c t l y  proport ional  t o  the  s t r a i n s  

present  i n  t h e  r ing  and thus  an accurate estimate of the  s t r a i n s  i s  required.  

Since the  e l a s t i c  l i m i t  i n  aluminum occurs  a t  a s t r a i n  l e v e l  of about  

0.005 inch/inch, o r  a t  an elongation of about 0.004 inch between mass s t a t i o n s  

f o r  the  example r i n g ,  a s e n s i t i v i t y  of a t  l e a s t  1/5 of t he  maximum e l a s t i c  

l i m i t  s t r a i n  o r  0.0008 inch i s  required i n  order  t o  make even a rough estimate 

of the  i n t e r n a l  forces .  Although the  smoothing process  used present ly  improves 

the PE = 0.01-inch pos i t i on  da ta  t o  some ex ten t ,  the  improvement i s  not  y e t  

s u f f i c i e n t  to  obta in  the  PE = 0.0002 inch  pos i t i on  d a t a  required to  obta in  
... 

* 
The standard devia t ion  0, with which t h e  var iance G2 i s  assoc ia ted ,  i s  assumed 

here inaf te r  t o  be equivalent  t o  the  average r m s  dev ia t ion ,  

where 6% 

number of va r i ab le s  under considerat ion.  

P 

K 
i s  the  devia t ion  of a va r i ab le  f r o m  the  exac t  va lue ,  and k is  the  n 
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accura te  ca l cu la t ed  forces ."  Thus, t h e  optimum f o r c e s  ca l cu la t ed  from t h e  

estimated and the  ca l cu la t ed  f o r c e s  are mostly dependent upon t h e  estimated 

fo rce  values. 

VARIANCE ASSOCIATED WITH THE FORCES OCCURRING ON THE 

NON-LOADED PORTIONS OF THE R I N G  

The po r t ions  

i d e n t i f i e d  from t h e  

impacting fragment. 

t he  ex te rna l  f o r c e s  

of t h e  r i n g  no t  subject to  ex te rna l  loading can e a s i l y  be 

high-speed photographs by not ing the  p o s i t i o n  of t he  

Obviously, a t  a l l  l oca t ions  which are no t  being impacted, 

must be zero. Thus, when the  optimum fo rces  are ca l cu la t ed  

f o r  t hese  areas, t h e  var iance  f o r  t h e  est imated f o r c e s  (which are equal t o  

zero) is set t o  0 ( c e r t a i n t y ) ,  and the  var iance  f o r  t h e  ca l cu la t ed  f o r c e s  i s  

set  equal to  i n f i n i t y  (zero confidence l e v e l ) .  

3.2.6 Applicat ion of the  Smoothing Method and the  Kalman F i l t e r  

i n  t h e  T E J  2 Program 

The organiza t ion  of t he  TEJ 2 program** is  i l l u s t r a t e d  by t h e  flow 

c h a r t  given i n  Fig.  6 .  The following sequence i s  used f o r  each f i n i t e  d i f f e rence  

time cyc le  i n  TEJ 2. The sequence starts f o r  t h e  J+lst cyc le  by de f in ing  three 

p o s i t i o n s  f o r  each m a s s  s t a t i o n  of the  r i n g :  one each a t  cyc le  J-1 and J (which 

are smoothed optimum posi t ions and have been ca l cu la t ed  previously i n  the  

manner to  be discussed f o r  t h e  J+l posi t ions)  and t h e  J+1 p o s i t i o n  (which 

r e s u l t s  from smoothed photo p o s i t i o n s  obtained d i r e c t l y  from the  inpu t  va lues  

of t h e  p o s i t i o n  t e s t  d a t a  a t  time J+1). These 3 sets of p o s i t i o n s  are s u b s t i t u t e d  

i n t o  t h e  cent ra l -d i f fe renced  TEJ 1 equat ions of motion, and the  ex te rna l  f o r c e s  

ac t ing  on t h e  r i n g  are ca l cu la t ed  (see Subsection 3.2.1). Fhese f o r c e s  are 

he rea f t e r  termed t h e  ca l cu la t ed  ex te rna l  f o r c e s  a t  t h e  J, Next, t h e  TEJ 2 

* 
From Ref. 7 ,  99% of a l l  t h e  dev ia t ions  from t h e  average value of a l l  t he  
readings w i l l  be wi th in  2.6 s tandard dev ia t ions  (0) or i n  o the r  words, t h e  
l a r g e s t  dev ia t ion  i n  a set w i l l  be equal t o  a b u t  2.60. Since PE = -67450, 
t h e  l a r g e s t  dev ia t ion  w i l l  be approximately 3.9 PEP or i f  t he  l a r g e s t  dev ia t ion  
des i r ed  is .0008 inch ,  t h e  PE des i r ed  i s  about  .0008/3,9 = -0002 inch,  

The TEJ 2 program d i f f e r s  from t h e  TEJ 1 program mainly i n  t h a t  t h e  Kalman 
f i l t e r  and some a d d i t i o n a l  computational loops including TEJ 1 have been added 
as  Fig.  6 shows, 

5 

** 
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program reads  i n  va lues  of the  estimated ex te rna l  f o r c e s  (see Subsection 3-2.5.3) 

and these estimated ex te rna l  forces and the  ca lcu la ted  values  above are then 

subs t i tu ted  i n t o  t h e  Kalman f i l t e r  with t h e i r  assoc ia ted  var iances .  The 

r e s u l t i n g  optimum fo rces  are termed t h e  t r ia l  va lues  of optimum ex te rna l  

forces  a t  time J. 

JET 1 equations of motion along with t h e  smoothed optimum pos i t i ons  a t  times 

J-1 and J, and new pos i t i ons ,  termed t h e  o p t i m u m  posi t ions a t  time J+l, are 

ca lcu la ted  ( i n  essence,  these  optimum p o s i t i o n s  are the  pos i t i ons  that  t h e  

r ing  must assume a t  the  J+1 time cycle  i n  order  to y ie ld  the  t r ia l  va lues  of 

the  apthum ex te rna l  fo rces  a t  time J) e The las t  two s t e p s  are necessary t o  

insure  that the  f i n a l  shape of t h e  r i n g  is smooth. 

a t  time J+1 are smoothed i n  space i n  exac t ly  t h e  same manner as t h e  o r i g i n a l  

pos i t i on  d a t a  w a s  space smoothed (see Subsection 3.2.4) using 15 Fourier  

harmonics. 

i n t o  the  TEJ 1 equat ions of motion to  ob ta in  t h e  f i n a l  ca lcu la ted  optimum 

ex te rna l  fo rces  a t  time J. 

These t r ia l  o p t h u m  f o r c e s  a r e  then subs t i t u t ed  i n t o  t h e  

Thus, the  optimum p o s i t i o n s  

F ina l ly ,  these  smoothed optimum p o s i t i o n s  a t  time J+l are subs t i t u t ed  

In  addi t ion  to  the  input  q u a n t i t i e s  such a s  t h e  snoothed pos i t i ons  and 

the  estimated forces ,  assumptions r e l a t i n g  to  the  s i z e  of t he  a rea  i n  the  r ing  

over which the  ex te rna l  fo rces  appear (from the  photographs) to act, and the  

assumed i n i t i a l  shape of t h e  r i n g  before the  ex te rna l  forces  are applied must  

a l s o  be considered. 

Regarding the  f i r s t  considerat ion,  t he  a rea  over which t h e  values  of t h e  

ex terna l  fo rce  a r e  not  known with c e r t a i n t y ,  he rea f t e r  termed t h e  assumed zone 

of loading uncer ta in ty ,  must be defined i n  TEJ 2 so t h a t  the  cu r ren t  var iance 

values  can be assigned t o  the  d i f f e r e n t  p a r t s  of t h e  r ing .  For i n i t i a l  TEJ 2 

runs,  the  assumed zone of loading uncer ta in ty  was made equal to  t h e  area over 

which the  nonzero estimated ex terna l  forces were assumed to act  as shown i n  

Fig. 7a. During subsequent runs,  the  assumed zone of loading uncer ta in ty  w a s  

increased s i g n i f i c a n t l y  (while keeping t h e  assumed loading d i s t r i b u t i o n  t h e  

same) to  inves t iga t e  t h e  e f f e c t  of changing t h i s  important parameter (see 

Subsection 3-5 and Fig. 7b). 

Regarding the  assumed i n i t i a l  shape of the  r i n g ,  t w o  p o s s i b i l i t i e s  
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e x i s t ,  F i r s t ,  one can assume a p e r f e c t  c i r c l e  with a r a d i u s  equal t o  t h e  known 

i n i t i a l  r a d i u s  of t h e  tes t  r i n g ,  This condi t ion  is exac t ly  t r u e  f o r  the  J E T  2 

example r i n g  and only approximately t r u e  f o r  t h e  NAPTC tes t  r i n g s ,  

proximation i s  a good one, however, s ince  seve ra l  d i ame t r i ca l  measurements made 

of t he  t es t  r i n g s  before  t e s t i n g  showed t h a t  each r i n g  w a s  o u t  of round by a t  

m o s t  a few thousandths of an inch.)  The second p o s s i b i l i t y  i s  t o  i n i t i a l i z e  

the  r i n g  shape a t  time equals  zero t o  the  smoothed shape of t he  r i n g ,  This has 

two opposi te  e f f e c t s .  On the  negat ive s i d e ,  some information i s  being d i s -  

carded, i .e . ,  it i s  known what t h e  i n i t i a l  r i n g  shape is ,  and t h i s  f a c t  i s  not  

being used. On the  p o s i t i v e  s i d e ,  the  i n i t i a l  shape of t he  r i n g  now does not  

lead t o  the  f a l s e  supposi t ion of i n i t i a l  s t r e s s e s  i n  TEJ 2 s ince  the  ring-shape 

t r a n s i t i o n  from the  i n i t i a l  shape and the  smoothed p r o f i l e  i s  smooth. 

(The ap- 

For t h e  i n i t i a l  TEJ 2 runs,  the  i n i t i a l  shape of t he  r i n g  w a s  set equal 

t o  a p e r f e c t  c i r c l e ;  f o r  subsequent runs ,  t he  i n i t i a l  r i n g  shape w a s  s e t  equal 

t o  the  i n i t i a l  smoothed shape. This  is  discussed f u r t h e r  i n  Subsection 3 . 5 .  

3 . 3  Assessment through Comparison of External  Forces Predicted 

by TEJ 2 with t h e  Known Forces Used i n  JET 2 

3.3.1 In t roduct ion  

I n  order  t o  eva lua te  the  a n a l y s i s  procedure embodied i n  the  TEJ  2 program 

and to  assess the  e f f e c t s  of var ious  u n c e r t a i n t i e s ,  a "typical" example i n -  

volving a r i n g  which i s  subjected to  known t r a n s i e n t  ex te rna l  f o r c e s  w a s  de- 

v i sed  (see Example l of Appendix B), The r e s u l t i n g  t r a n s i e n t  response w a s  

p red ic ted  by the  JET 2 program, Through some explora tory  ca l cu la t ions ,  t he  

external ly-appl ied t r a n s i e n t  f o r c e s  were chosen so as  t o  produce t r a n s i e n t  de- 

formations whose cha rac t e r  and magnitude c l o s e l y  aesembled those observed i n  

s o m e  prel iminary NAPTC s i n g l e  blade-ring impact tests performed p r i o r  to  

Tests 88 and 91 
* 

To s imulate  t h e  f a c t  that  experimental  r i n g  deformation d a t a  w i l l  be 

ava i l ab le  on ly  a t  spaced i n s t a n t s  i n  time from high-speed motion p i c t u r e  

records ,  t h e  pred ic ted  r i n g  deformation p r o f i l e  information w a s  recorded a t  
t 
Typical experimentally-observed deformation p r o f i l e s  from Tests 88 and 91 a r e  

shown i n  F igs ,  15a and15b, r e spec t ive ly ,  
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chosen t ime i n s t a n t s  (30 Vsec apart)  t o  match typical time i n s t a n t s  or time spac- 

ings  i n  the  experimental  data, This  "exact" deformation p r o f i l e  information was 

then per turbed by adding to  it random errors having a Gaussian d i s t r i b u t i o n ,  a 

mean of zero ,  and a PE of  0.01 inch;  t h i s  PE va lue  is perhaps of t h e  order  of 

t h a t  of t h e  experimental  d a t a ,  s ince  prel iminary e s t ima tes  had suggested a va lue  

of t h i s  order .  With t h i s  manufactured deformation information termed "inexact's 

pos i t i on  d a t a ,  t h e  va r ious  procedures i n  TEJ 2 were appl ied  i n  an attempt to  de- 

duce therefrom t h e  known external ly-appl ied f o r c e s  used i n  t h i s  example problem. 

This s tudy,  including a d e s c r i p t i o n  of  t h e  procedures employed and the  unce r t a in ty  

f a c t o r s  examined, i s  discussed i n  t h e  remainder of t h i s  subsect ion where the  steps 

i n  the  a n a l y s i s  of  t he  manufactured d a t a  arep i n  order of implementation, 

smoothing of t h e  posit ion d a t a ,  es t imat ion  of t h e  o v e r a l l  f o r c e s  ac t ing  on the  

r i n g ,  and f i n a l l y  s u b s t i t u t i o n  of  t hese  r e s u l t s  and t h e  r i n g  parameters i n t o  t h e  

TEJ 2 program. 

3.3.2 Smoothing of t he  Simulated Pos i t i on  D a t a  

A p r o f i l e  a t  time = 570 psec of t h e  Example 1 r i n g  analyzed and d i s -  

cussed i n  Appendix B i s  presented i n  Fig.  9 showing t h e  exac t  p o s i t i o n s  ob- 

ta ined  from JET 2. ( N o t e  t h a t  t h e  p r o f i l e  shape i s  not  un l ike  t h e  p r o f i l e  

measured f o r  N A P E  T e s t s  88 and 91 and presented i n  Figs .  15a and 15b) 

F igures  10  and 11 show t h e  posit ion-time locus  i n  the  y and z d i r e c t i o n s  

of mass s t a t i o n s  1 and 38 r e spec t ive ly ,  f o r  t he  exac t  p o s i t i o n s ,  t h e  inexac t  

PE = 0.01-inch p o s i t i o n  d a t a ,  and t h e  smoothed inexac t  p o s i t i o n s  using 15  Four ie r  

harmonics i n  space and 7 G r a m  polynomials i n  time f o r  JET 2 Example I of 

Appendix B. The d a t a  f o r  m a s s  s t a t i o n  1 i s  t y p i c a l  of  t h a t  f o r  a l l  s t a t i o n s  

except f o r  s t a t i o n  38 which is an extreme example, I t  w a s  seen t h a t  except 

f o r  s t a t i o n  38, t h e  smoothing process considerably improves upon the  inexac t  

pos i t i on  da ta .  

The approximation t o  t h e  m a s s  s t a t i o n  38 l ocus  could be improved e a s i l y  

by using higher numbers of polynomials i n  t h e  least-square curve f i t ,  bu t  t h i s  

would be p a r t i a l l y  de fea t ing  s ince ,  as mentioned previous ly ,  p o s i t i o n  e r r o r s  

could also be included with higher polynomial f i t s ,  and the  o v e r a l l  error f o r  

t he  e n t i r e  r i n g  would be worse. F i n a l l y ,  as w i l l  be shown, the  r e s u l t s  
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obtained from TEJ 2 using t h e  smoothed s y n t h e t i c  d a t a  shown i n  Figs .  10  and 11 

a r e  q u i t e  s a t i s f a c t o r y  i n  spite of t h e  poor f i t  obtained f o r  t he  mass s t a t i o n  

38 locus. 

.k 

3.3.3 Estimation of t h e  Overall Forces Acting on the  Ring 

I n  order  to  ob ta in  an estimate of t h e  ex te rna l  f o r c e s  a c t i n g  on the  r i n g  

f o r  use i n  the  Kalman f i l t e r  i n  TEJ 2, t h e  locus  of t h e  r i n g ' s  cen te r  of 

g r a v i t y  .(cg) i s  required.  Taking t h e  average of t h e  smoothed inexac t  r i n g  

p o s i t i o n s  t o  s imulate  t h e  NAPTC test  da ta  would no t  be e n t i r e l y  correct, how- 

ever ,  s ince  the  N A P T C  d a t a  are no t  exac t ly  pos i t ioned  i n  i n e r t i a l  space f o r  

each p r o f i l e  (only four  background p o i n t s  are used i n  t h e  NWTC d a t a  reduct ion  

t o  pos i t i on  each p r o f i l e  i n  i n e r t i a l  space) .  Since each of four  NAPTC r e f e r -  

ence p o i n t s  w a s  read fou r  times, 16 readings are used to  de f ine  the  NAPTC 

r i n g  p o s i t i o n  i n  each d i r e c t i o n  i n  space; t hus ,  s ince  the  PE of each reading 

i s  about 0.01 inch,  t h e  probable error of  t h e  i n e r t i a l  space re fe rence ,  using 

Eq. 1, i s  about 0.01/4 = 0.0025 inch. Therefore,  t h e  inexac t  cg p o s i t i o n s  

f o r  t h i s  syn the t i c  example were obtained by averaging t h e  72 PE = 0.01 inch  

inexac t  p o s i t i o n  coord ina tes  i n  both the  y and z d i r e c t i o n s  (only t h e  r e s u l t s  

i n  t h e  z d i r e c t i o n  are presented here)  to o b t a i n  t h e  cg of t h e  r i n g  a t  each 

t i m e ,  and then  random e r r o r s  with a mean of zero and a PE of 0.0025 inch  were 

added t o  each cg value to  s imulate  the  errors i n  t h e  p o s i t i o n  of each experi-  

mentally-obtained p r o f i l e .  This  procedure w a s  also used i n  t h e  r e s u l t s  de- 

p i c t ed  i n  Figs .  10  and ll by adding the  PE = 0.0025 inch  f o r  each p i c t u r e  t o  

the  value of 0.01 inch  used f o r  each d a t a  p o i n t  i n  t h e  p o s i t i o n  da ta .  The 

smoothed curve of t h e  inexac t  r i n g  cg z-locus shown i n  Fig.  1 2  i s  a least- 

square f i t  of t h e  cg locations using 7 G r a m  polynomials over t he  25-point (or  

t i m e  i n s t a n t )  i n t e r v a l ,  

Figure 13  shows t h e  r e s u l t a n t  o v e r a l l  f o r c e  estimates obtained by d i f f e r -  

e n t i a t i n g  the  6,  7 ,  8, and 9 G r a m  polynomial curve f i t s  of t h e  cg locus  ( a s  

* 
As can be seen i n  F igs ,  16 and 17,  t he  deformation f o r  MAPTC r i n g  91 (and also 

NAPTC r i n g  88 which is similar) is considerably less severe than t h a t  of t h e  
JET 2 example so that a l eas t - square  f i t  us ing 15  Fourier  harmonics and 7 G r a m  
polynomials i s  considered adequate t o  approximate t h e  p o s i t i o n  l o c i  of t he  
t es t  r i n g s ,  
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shown i n  Fig.  1 2  f o r  t he  7 polynomial f i t )  t w i c e  with respect t o  time and multi-  

plying the  r e s u l t s  by the  mass of the  r ing .  When these  force estimates are com- 

pared with the  exact  o v e r a l l  fo rce  used i n  JET 2 Example 1, it is  seen t h a t  t h e  

8 polynomial f i t  g ives  the  most accurate representa t ion  of the  exac t  forces .  

I t  was found that using higher polynomial f i t s  of the  cg pos i t i on  locus re- 

s u l t s  i n  poorer representa t ions  of t he  o v e r a l l  fo rce  estimate. 

The 7 polynomial f i t ,  while not  giving as accurate  a representa t ion  of 

the o v e r a l l  f o r c e p  w a s  used ins tead  of the  8 polynomial f i t  t o  es t imate  t h e  

forces  i n  the  f i n a l  TEJ  2 runs.  This w a s  done f o r  two reasons: t h e  f i r s t  i s  

t h a t  the  cg l o c i  results of NAPTC r i n g  T e s t s  88 and 91 show considerably more 

s c a t t e r  than i s  evident  i n  the  syn the t i c  da t a  (only the  r e s u l t s  f o r  T e s t  91 

a r e  presented; see Fig.  18) .  This f a c t  i s  su rp r i s ing  s ince  the  PE of t he  

synthe t ic  d a t a  is approximately the  same as f o r  t he  average PE of t he  NAPTC 

data .  Thus, it w a s  f e l t  t h a t  a lower order  curve f i t  would probably g ive  

b e t t e r  r e s u l t s  f o r  t he  NAPTC test da ta ,  

Secondly, t he  7 polynomial f i t  w a s  chosen i n  order  t o  inves t iga t e  the  

e f f e c t  of using a less- than-perfect  es t imate  of t he  o v e r a l l  fo rces  i n  TEJ  2 

( t he  8 polynomial f i t  g ives  e s s e n t i a l l y  exac t  overall fo rces  f o r  t h e  synthe t ic  

da t a  a s  shown i n  Subsection 3.3.4). Also, it was f e l t  t h a t  t h i s  procedure 

would hopefully give added i n s i g h t  i n t o  the  q u a l i t y  of t h e  r e s u l t s  obtained 

from the  NAPTC t es t  da t a .  

F ina l ly ,  note t h a t  a l l  of the  overall-force-approximation curves e i t h e r  

increase o r  decrease without bound a t  each end of t h e  fo rce  versus  t i m e  curve. 

This c h a r a c t e r i s t i c  r e s u l t s  from the  f a c t  t h a t  t he  curvature  a t  each end of 

the  curve i s  poorly defined s ince  the  pos i t i on  da ta  i s  defined only between 

these l i m i t s ,  Although one can genera l ize  by saying t h a t  t he  fo rces  i n  the  

center  of the  curve are f a i r l y  r ep resen ta t ive ,  and those a t  t he  ends should be 

disregarded,  t he re  i s  no clear c u t  method f o r  determining where t h e  o v e r a l l  

forces  are w e l l  est imated and where the  po in t  e x i s t s  where the  estimated 

forces  become unre l iab le .  

appears,  i n  general ,  t o  f i t  a s t r a i g h t  l i n e  i n  t h e  f i n a l  time por t ion  of t he  

Because t h e  cg time locus of t he  MPTC r i n g  

response (see Fig. 18b f o r  example), the  estimated o v e r a l l  force  (as shown 
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l a t e r )  were "assumed" to be zero f o r  use  i n  t h e  TEJ 2 program. 

3,3.4 Resul t s  from TEJ 2 Using Simulated Pos i t i on  D a t a  

The f i n a l  step i n  t h e  c a l c u l a t i o n  of t h e  ex te rna l  f o r c e s  ac t ing  upon the  

r i n g  using simulated PE = 0,Ol-inch inexac t  p o s i t i o n  d a t a  i s  t o  s u b s t i t u t e  t he  

r i n g ' s  dimensional parameters, material p r o p e r t i e s ,  estimated ex te rna l  fo rces ,  

and the  smoothed p o s i t i o n  d a t a  i n t o  the  TEJ 2 program. A s  mentioned i n  Sub- 

sec t ion  3,2,5.4, t h e  s tandard dev ia t ion  (a) assigned to  (a) the  TEJ 1 the cal- 

cu la t ed  f o r c e  (acal) and (b) t he  overal l  es t imated f o r c e s  (a ) i n  order  t o  ob- 

t a i n  the  optimum f o r c e s ,  are 5000 pounds and 1000 poundsp r e spec t ive ly ,  based on 

a peak t o t a l  fo rce  of 10,000 pounds. 

est  

The r e s u l t s  obtained from inpu t t ing  t h e  syn the t i c  example-problem da ta  

i n t o  TEJ  2 are i l l u s t r a t e d  i n  Fig.  14a where t h e  r e s u l t i n g  est imated f o r c e ,  cal-  

cu la ted  f o r c e ,  optimum f o r c e s  before  and a f t e r  space-position-smoothing, and 

exac t  f o r c e  are p l o t t e d  versus  mass s t a t i o n  number a t  t i m e  equa ls  210 psec; t h i s  

t i m e  corresponds approximately t o  the  t i m e  of peak force .  Since these  r e s u l t s  

a r e  r ep resen ta t ive  of t h e  r e s u l t s  obtained f o r  t he  complete TEJ  2 run  ( including 

the  la t ter  pa r t  where the  optimum f o r c e  equals  t h e  ca l cu la t ed  f o r c e  which equals  

zero) only the  f o r c e s  i n  t h e  y-d i rec t ion  a t  t h e  time of peak fo rce  are presented,  

Figure 14a shows t h a t  t h e  r e s u l t i n g  f i n a l  opt imum ex te rna l  fo rces  from TEJ 2 are 

f a i r l y  c l o s e  t o  the  exac t  f o r c e s  used i n  J E T  2 to  ob ta in  the  o r i g i n a l  exac t  

p o s i t i o n  da ta .  The f a c t  t h a t  p l a u s i b l e  f o r c e s  were ca l cu la t ed  from TEJ  2 i s  no t  

su rp r i s ing  s ince  t h e  o v e r a l l  f o r c e s  ca l cu la t ed  f r o m  t h e  cg l o c i  r e s u l t s  w e r e  

e s s e n t i a l l y  exac t ,  and the  assumed s p a t i a l  d i s t r i b u t i o n  of t he  o v e r a l l  f o r c e s  

i n  both TEJ 2 and JET 2 w e r e  t h e  same.* S imi la r  r e s u l t s  w e r e  noted f o r  o the r  

i n s t a n t s  of time 

Y 

I n  order  t o  see t h e  e f f e c t  of changing the  var iances  ( i e e Q ,  the  conf i -  

dence l e v e l s  of t he  ca l cu la t ed  and est imated f o r c e s ,  r e spec t ive ly )  so t h a t  t h e  

ca l cu la t ed  va lues  of f o r c e  were emphasized, TEJ 2 w a s  run  with t h e  aforementioned 

d a t a  except  t h a t  t h e  va lues  were reversed so t h a t  t h e  standard dev ia t ion  f o r  t h e  

ca l cu la t ed  f o r c e  (acal) equal led 1000 l b s ,  and for t h e  estimated fo rce  (0 

equal led 5000 l b s ,  The r e s u l t s  from t h i s  run  are i l l u s t r a t e d  in Fig ,  l 4b  which 

p resen t s  t h e  Calculated f o r c e p  optimum f o r c e s  before  and a f t e r  space-posit ion 

smoothing i n  the  y-d i rec t ion ,  and the  exac t  f o r c e  ve r sus  m a s s  s t a t i o n  number a t  

The inf luence  of assuming a d i f f e r e n t  s i z e  of t he  zone of loading uncer ta in ty  
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t i m e  equa ls  210 psec ,  

s en ta t ive  of the  exac t  forces and are an  improvement to  t h e  TEJ 1 type calculated 

fo rces  

N o t e  that  the  f i n a l  o p t i m u m  f o r c e s  are f a i r l y  w e l l  repre- 

The Fig. 14b f i n a l  optimum f o r c e  r e s u l t s  compared with those  of Fig.  14a 

show l i t t l e  d i f f e rence  except  t h a t  t h e  l a t te r  provides  better agreement with 

the  exac t  r e s u l t  a t  t h e  peak-load po in t  and less spurious overshoot i n  t h e  

v i c i n i t y  of mass s t a t i o n  40; however, t h e  Fig.  14b r e s u l t s  e x h i b i t  somewhat 

smaller va lues  tiIan f o r  t ho  e of Pig.  14a over  those  m a s s  s t a t i o n s  on which t h e  

external ly-appl ied fo rces  are known t o  be exac t ly  zero. 

I t  can be concluded from the  foregoing r e s u l t s  t h a t  i f  t h e  p o s i t i o n  d a t a  

obtained from spin-chamber tests can be charac te r ized  as  having Gaussian errorsp 

with a value of PE equal to 0.01 inch  or less assoc ia ted  with them, TEJ  2 can be 

expected t o  provide good estimates of t h e  f o r c e s  ac t ing  upon t h e  r i n g  during 

the  t es t ,  assuming t h a t  a v a l i d  assumption can be made f o r  t he  s i z e  and loca t ion  

of t h e  "loading zone" and t h a t  o the r  important bu t  unrecognized f a c t o r s  are no t  

present  t o  a f f e c t  t he  experimental  da t a .  

3.4 Prel iminary Resu l t s  Using D a t a  from Two Single-Blade I n t e r a c t i o n  

T e s t s  wi th  2024-T4 Aluminum Containment Rings 

3.4.1 Description of T e s t s  and Data Reduction 

Two examples involving experimental  d a t a  from NAPTC spin-chamber tests (88 

and 91) are discussed i n  t h i s  subsect ion.  Both p e r t a i n  t o  the  i n t e r a c t i o n  of a 

s i n g l e  3.5-inch long T-58-turbine blade with a 2024-T4 aluminum containment r i n g :  

17.6-inch diameter,  0.152-inch t h i c k ,  and 1.507-inch long. The p e r t i n e n t  informa- 

t i o n  [3] which c h a r a c t e r i z e s  NAPTC T e s t s  88 and 91 are shown i n  Table 1. High- 

speed photographic measurements and data reduct ion  as descr ibed i n  Subsections 

3.2.2, l  and 3.2.2.2, r e spec t ive ly ,  were c a r r i e d  out .  

The p o s i t i o n  d a t a  as received from NAPTC f o r  T e s t s  88 and 91 cons is ted  of 

four  readings  each of 4 background r e fe rence  p o i n t s  and 72 mass s t a t i o n s "  marked 

on t h e ' r i n g  f o r  each of about 40 frames of high-speed motion picture  f i l m  with 

about 30 Usec spacing. These d a t a  f o r  each of t h e  t w o  tes ts  w e r e  checked f o r  

"gross errors" using a s p e c i a l l y  wr i t t en  computer program which (I) averaged 

each s e t  of 4 readings,  (2 )  found the  s tandard dev ia t ion  of each set, and (3) 

A. 
For i d e n t i f i c a t i o n  of t h e  test  r i n g ,  mass s t a t i o n  l o c a t i o n s  a t  72 e q u i d i s t a n t  

c i rcumferent ia l  l o c a t i o n s  were numbered 1-72 prior t o  t h e  tes t ;  t h i s  number 
tagging i s  re t a ined  i n  t h e  d a t a  reduct ion  and i n  t h e  d iscuss ion  here in ,  
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compared t h e  dev ia t ion  from the  mean of each reading with t h e  average standard 

devia t ion .  

dev ia t ion ,  a warning w a s  p r i n t e d ,  which allowed f o r  a quick check of the  d a t a  in -  

volved, Ira most cases ,  t h e  d a t a  w e r e  no t  cor rec ted  and l a r g e  dev ia t ions  were a t -  

t r i b u t e d  t o  poor d e f i n i t i o n  on t h e  f i l m  negat ive.  

obvious t h a t  a wrong p o i n t  had been r e a d p  t h e  d a t a  were cor rec ted  by using an 

average of t h e  3 remaining p o i n t s  of each set, 

t h e  probable errors of i nd iv idua l  readings  of each mass p o i n t  p o s i t i o n  from t h e  

mean p o s i t i o n  def ined by these  readings were averaged and weie found t o  be approxi- 

mately 3.5 microns on t h e  f i l m  p lane  (about 0.01 inch  on t h e  f u l l - s c a l e  r i n g s )  e 

FOK those readings  where the  dev ia t ion  exceeded 4 times the  standard 

I n  t h e  few cases  where it w a s  

Af te r  t h i s  checking procedure,  

The p o s i t i o n  d a t a  were then averaged and converted from the  f i l m  reader  

coord ina tes  to  i n e r t i a l  coord ina tes  using t h e  4 re ference  p o i n t s  i n  each pic- 

t u r e  t o  d e f i n e  t h e  i n e r t i a l  coordinate  system. These d a t a ,  a l l  referenced t o  

a common coordinate  system w e r e  next  smoothed as discussed i n  Subsection 

3.4.2.1. 

3.4.2 Calcu la t ion  of t he  Input  Data f o r  U s e  i n  TEJ 2 

I n  t h e  following, t h e  T e s t  91 r e s u l t s  are used t o  i l l u s t r a t e . t h e  r e s u l t s  

obtained from calculat ions made with t h e  experimental  da t a ;  s ince  T e s t s  88 and 

91 were very similar, it would be needless ly  repet i t ive to  desc r ibe  i n  d e t a i l  

a l l  of t he  r e s u l t s  obtained from both sets of tes t  da t a .  

3.4.2-1 Least-Square Smoothing of  t h e  Experimental Pos i t i on  D a t a  

The step-by-step c a l c u l a t i o n s  made on the  NAeTC T e s t  91 da t a  were ex- 

a c t l y  the  same as made on t h e  simulated data descr ibed i n  Subsection 3,3.2, 

P r o f i l e s  of both r i n g s  NAPTC 88 and NAPTC 91 are presented i n  F igs ,  15a 

and 15b, r e spec t ive ly ,  a t  t h e  = 570 psec: f o r  example, showing the  NAPTC 

p o s i t i o n  d a t a  and the  to-be-described r e s u l t s  from J E T  2 using f o r c e s  obtained 

from TEJ 2 ana lyses  of t h e  t es t  data. Note t h a t  t h e  d e f l e c t i o n  r e s u l t i n g  from 

the  s i n g l e  blade i n t e r a c t i o n  i n  both c a s e s  is much less severe than t h a t  used 

i n  the  example problem discussed i n  Subsection 3.2. 

I n e r t i a l  p o s i t i o n  loc i  of m a s s  s t a t i o n s  l 9  and 55 f o r  NWTC T e s t  9 l  

versus  time are presented,  f o r  example, i n  F igs ,  16 and 17 ,  r e spec t ive ly ,  for 

both the  o r i g i n a l  averaged d a t a  and t h e  smoothed p o s i t i o n  d a t a  using 15 Fourier  

harmonics i n  space and 7 G r a m  polynomials i n  time, Note t h a t  t he  s c a t t e r  i n  

This  t i m e  is chosen a r b i t r a r i l y  bu t  provides  p r o f i l e s  which a r e  r ep resen ta t ive  
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the  unsmootiied p o s i t i o n  da ta  i s  considerably g r e a t e r  than t h a t  ev ident  i n  the  

previously-discussed manufactured o r  syn the t i c  d a t a  (Figs.  10  and 11). This i s  

unexpected s ince  the  average PE of both s e t s  of d a t a  a r e  both bel ieved t o  be 

approximately equal t o  0.01 inch. 

3.4.2.2 Estimation of t he  Overall Forces Acting on the  Ring 

The averaged p o s i t i o n s  obtained from t h e  NAPTC t es t  da t a  w e r e  next  used 

t o  f ind  the  cg locus v s  t i m e .  T e s t s  w e r e  run a t  NAPTC to  determine the  t i m e  

between i n i t i a l  fragment-ring con tac t  and the  f irst  high-speed p i c t u r e .  The 

r e s u l t s  of these  t e s t s  showed t h a t  the  de lay  t i m e  w a s  approximately equal  t o  

the  time f o r  two camera frames f o r  t he  camera framing rate used during T e s t s  

88 and 91. Thus, f o r  t he  cg locus  curves,  t he  f i r s t - p i c t u r e  r e s u l t s  were 

assumed t o  apply f o r  time equals  zero u n t i l  2 A t  where A t  is  t h e  t i m e  be- 

tween camera frames. Since it i s  Xnom t h a t  the  i n t e r a c t i o n  fo rces  arc  zero 

before t i m e  equa ls  zero,  mass p o i n t  l oca t ion  a t  4 "frames" before zero time 

were assumed so t h a t  an approximate zero acce le ra t ion  condi t ion a t  t i m e  before 

zero  would r e s u l t .  These r e s u l t s  a r e  presented f o r  t he  y and z d i r e c t i o n s  of 

tes t  r i n g  91 i n  Fig.  18a and l8b ,  respec t ive ly .  A 7 G r a m  polynomial least- 

square f i t  w a s  next ca l cu la t ed  and the  r e s u l t s  are shown i n  Figs .  18a and 18b. 

Note again t h a t  t h e - s c a t t e r  ev ident  i n  t h e  cg locus  i s  much g r e a t e r  than t h a t  

ca lcu la ted  from the  example-problem da ta  shown i n  Fig.  1 2 .  

C ,  C 

Figures  19a and 19b p resen t  t he  t o t a l  es t imated ex te rna l  f o r c e s  ac t ing  

through the  tes t  r i n g  91 cg v s  t i m e  using 6 t o  9 G r a m  polynomial approxima- 

t i o n s  of t h e  cg Locus da t a  presented i n  Figs .  18a and 18b. 

r e s u l t  to  note  here i s  t h a t  t he  d i f f e r e n t  polynomial approximations do no t  seem 

t o  give a s i n g l e  es t imate  of a c h a r a c t e r i s t i c  o v e r a l l  force .  I n  o the r  words, 

d i f f e r e n t  polynomial approximations of t he  same cg locus  y i e ld  e n t i r e l y  d i f f e r -  

e n t  o v e r a l l  force  es t imates ,  This  i s  e s p e c i a l l y  t r u e  i n  the  case of t he  fo rces  

i n  the  y-d i rec t ion ,  (Fig.  1 9 a ) ,  where the  o v e r a l l  fo rce  estimates from d i f f e r -  

e n t  polynomial f i t s  are a c t u a l l y  of opposi te  s ign  during t h e  t i m e  s tud ied .  The 

reason f o r  t h i s  behavior can poss ib ly  be a t t r i b u t e d  t o  one or more incompletely 

understood c h a r a c t e r i s t i c s  of t he  NAPTC d a t a ,  such as, f o r  example, an a c t u a l  

The m o s t  i n t e r e s t i n g  

PE which v a r i e s  both i n  space and time and which 

assumed value of 0.01 inch  PE. Further  a n a l y s i s  

a s  suggested i n  Subsection 3 . 6 ,  should produce a 

r e s u l t s  presented i n  Fig.  19a. 

may be 

of t he  

f u l l e r  

l a r g e r  than the  p re sen t ly  

NAPTC d a t a  c h a r a c t e r i s t i c s ,  

explanat ion of t h e  
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3-4.2.3 Additional Input  Data and I n i t i a l  Conditions 

I n  add i t ion  t o  t h e  smoothed r i n g  p o s i t i o n s  and the  estimated ex te rna l  f o r c e s  

as discussed i n  Subsect ions 3.4-2.1 and 3,4.2.2, t h e  r i n g  parametersp the  ma te r i a l  

p r o p e r t i e s ,  and t h e  va r i ances  must be spec i f i ed  f o r  i npu t  t o  t h e  TEJ 2 program, 

The r i n g  parameters used i n  t h e  TEJ  2 run  are those  presented i n  Table 1, and t h e  

standard dev ia t ions  used are t h e  same as used i n  the  synthet ic-data  example using 

J E T  2 posi t ion output  ( t h a t  i s ,  U The uni-  

a x i a l  s t a t i c ,  room temperature, stress-strain p r o p e r t i e s  used with both t h e  NWPTC 

88 and 91 tes t  d a t a  to cha rac t e r i ze  t h e  2024-T4 material were obtained from Ref. 8 

and can be represented  by t h e  following s t r e s s - s t r a i n  coord ina tes  (0 ,E )  : ( 0  p s i ,  

0 i n / i n ) ;  0.005, 50000.); (0.030, 56000.) ; (0.080, 62000.). The material mass 

d e n s i t y  used for  aluminum w a s  0.0002524 (lb-sec ) / i n  e A s  was mentioned i n  Sub- 

sec t ion  3,2.6 for  t h e  prel iminary TEJ 2 runs ,  t he  i n i t i a l  shape of t h e  r i n g  w a s  

assumed t o  be a p e r f e c t  c i r c l e ,  and the  zone of loading unce r t a in ty ,  over which 

t h e  ex te rna l  f o r c e s  were "observed" t o  ac t ,  w a s  set  equal  t o  7 mass p o i n t s  and w a s  

p laced on t h e  area over which t h e  ex te rna l  f o r c e s  were assumed t o  act ;  t h e  e f f e c t  

of assuming a l a r g e r  zone of loading unce r t a in ty  i s  discussed i n  Subsection 3.5. 

= 5,000 l b s  and Uest = 1,000 l b s ) * .  cal 

2 4  

3.4.3 Predic t ion  of Optimum Forces 

3.4.3.1 Optimum Forces Obtained from TEJ 2 Using Pos i t i on  

Data from NAPTC T e s t s  88 and 91 

The prel iminary optimum-force r e s u l t s  obtained f r o m  i npu t t ing  the  d a t a  

pe r t a in ing  to  NAPTC T e s t s  88 and 91 i n t o  TEJ 2 are presented i n  Tables 2 and 3 ,  

r e spec t ive ly .  

f o r c e s  occurr ing a f t e r  t h e  f i n a l  time l i s t e d  also have zero magnitude. 

A l l  f o r c e s  n o t  spec i f i ed  i n  t h e  t a b l e  are equal t o  zero and a l l  

These TEJ 2 runs  incorpora te  t h e  same assumptions used i n  t h e  TEJ 2 runs  

with the  J E T  2 example problem d a t a ,  

o r i g i n a l  shape of the  r i n g  i s  a p e r f e c t  c i r c l e ,  and also t h a t  t h e  assumed zone 

of loading unce r t a in ty  (area where the  ex te rna l  f o r c e s  are no t  known t o  be 

zero) i s  assumed i n  each case to  be 7 mass p o i n t s  i n  area with t h e  center o f  

con tac t  observed from t h e  test photographs made co inc ident  with t h e  cen te r  of 

the  assumed zone of loading uncer ta in ty .  

These include t h e  assumption t h a t  the  

* 
These s tandard dev ia t ion  values while based upon l imi t ed  s t u d i e s  and a t t endan t  

assumptions employed i n  conjunct ion with t h e  example problem studied i n  Subsec- 
t i o n  3.3 r ep resen t  on ly  a h e u r i s t i c  f i r s t  approximation t o  those unknown standard 
dev ia t ion  va lues  which are presumed to  apply to t he  experimental d a t a  of MagTC 
Tests 88 and 91, The app l i cab le  s tandard dev ia t ion  va lues  i n  such s i t x a t i o n s  
may depend upon t i m e  and spatial l o c a t i o n  around the  r i n g  as w e l l  as upon the  
value of t h e  cha rac t e r i z ing  peak amplitude of the  loading,  I t  i s  t e n t a t i v e l y  
assumed I however, t h a t  t h e s e  dependencies are weak, bu t  f u r t h e r  i nves t iga t ion  
of t h i s  matter i s  needed, 
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To i l l u s t r a t e  t he  sequence of s t e p s  shown i n  F ig ,  6 and t h e  a t t endan t  

r e s u l t s  from using t h e  TEJ 2 program t o  o b t a i n  t h e  f i n a l  optimum f o r c e s  presented 

i n  Tables 2 and 3 ,  t h e  ca l cu la t ed ,  es t imated,  and f i n a l  optimum f o r c e s  i n  t h e  y 

and z d i r e c t i o n s  a t  time equals  210 psecs ,  are p l o t t e d  ve r sus  m a s s  s t a t i o n  number 

f o r  T e s t  9 l  d a t a  TEJ 2 r e s u l t s  i n  Fig. 20, 

From Fig ,  20, which shows f o r c e s  t h a t  are r ep resen ta t ive  of the  f o r c e s  

ca lcu la ted  i n  TEJ 2 a t  a sequence of time i n s t a n t s ,  note t h a t  t h e  f i n a l  optimum 

fo rces  ( D  1 are very close t o  t h e  est imated forces ( 0 )  obtained f r o m  d i f f e r e n t i -  

a t i n g  the  cg locus  ve r sus  t i m e .  This i s  a n a t u r a l  r e s u l t  of t h e  var iance  va lues  

used, which g r e a t l y  accentua te  the  estimated f o r c e s  as w a s  demonstrated f o r  t he  

JET 2 example problem da ta .  Note also t h a t  t h e  ca l cu la t ed  f o r c e s  show s i g n i f i c a n t  

s c a t t e r  over the  whole r i n g  and appear t o  have l i t t l e  s i m i l a r i t y  t o  a p l a u s i b l e  

ex te rna l  fo rce  d i s t r i b u t i o n  expected from r i n g  i n t e r a c t i o n  with a s i n g l e  blade,  

F ina l ly ,  note  that t h e  f i n a l  optimum f o r c e s  are f a i r l y  w e l l  behaved except  f o r  

occasional  o s c i l l a t o r y  l o w  amplitude peaks a t  loca t ions  away from t h e  assumed 

zone of loading unce r t a in ty  (ring-fragment i n t e r a c t i o n  zone).  These spurious 

f o r c e s  do not  ex i s t  a t  t h e  beginning of t h e  run ,  and are observed gene ra l ly  t o  

grow with time during the  TEJ 2 run. However, they can be observed t o  some degree 

i n  a l l  TEJ 2 runs ,  t h e i r  na ture  (growing, f l u c t u a t i n g ,  o r  decreasing)  and s e v e r i t y  

v a r i e s  g r e a t l y  from run  t o  run  depending upon t h e  d a t a  and the  va lues  of v a r i -  

ances used.* From t h e  r e s u l t s  obtained from t h e  TEJ 2 runs  using the  example- 

problem ( syn the t i c )  d a t a ,  it appears t h a t  they  can be s a f e l y  ignored by de l ibe r -  

a t e l y  s e t t i n g  them equal t o  zero (as w a s  done f o r  Tables  2 and 3)  u n t i l ,  perhaps,  

improvements i n  the  method w i l l  remove t h e i r  cause and appearance. 

3.4.3.2 Comparison of TEJ 2 Optimum Pos i t i ons  with the  

Smoothed Position-Time Data 

I n  order  t o  determine t h e  q u a l i t y  of t h e  r e s u l t s  obtained from TEJ 2 f o r  

Tes ts  88 and 91, t hese  f o r c e s  were input ted  i n t o  J E T  2 with t h e  appropr ia te  r i n g  

and material parameters,  and t h e  t r a n s i e n t  response w a s  ca l cu la t ed  f o r  each r i n g  

case.  The r e s u l t s  of t hese  JET 2 runs  are i l l u s t r a t e d  i n  Figs.  15a and 15b f o r  

NAPTC Tests 88 and 91, r e spec t ive ly ,  where t h e  measured and ca l cu la t ed  p r o f i l e  

f o r  each r i n g  i s  p l o t t e d  f o r  t i m e  equa ls  570 psec,  

4 
These o s c i l l a t o r y  peaks occur during t h e  f i n a l  step i n  t h e  TEJ 2 program when t h e  

f i n a l  optimum t r i a l  p o s i t i o n s  are smoothed i n  space and thus  appear t o  be an  i n d i -  
ca t ion  t h a t  t h e  optimum t r i a l  r i n g  p r o f i l e s  are not smooth i n  the la t ter  p o r t i o n s  
of t he  TEJ 2 run. 
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A comparison of the  ca l cu la t ed  and measured r i n g  p r o f i l e s  f o r  each r i n g  

shows t h a t  while t h e  ca l cu la t ed  p r o f i l e s  have the  same genera l  shape a s  t h e  

measured p r o f i l e s ,  t h e  d i f f e r e n c e  between them i n  the  area of con tac t  with the  

blade i s  much greater than one can a t t r i b u t e  t o  reading errors i n  t h e  pos i t i on  

da ta .  Thus, while it i s  f e l t  t h a t  t h e  T E J  2 f i n a l  optimum f o r c e s  may be 

r ep resen ta t ive  of t he  a c t u a l  f o r c e s  encountered during the  blade impact, 

a t tempts  should be made t o  improve TEJ 2 so t h a t  b e t t e r  f o r c e  p red ic t ions  

can be made. Some s t u d i e s  which are proposed for  seeking such improved pre- 

d i c t i o n s  are of fered  i n  Subsection 3.6. 

3.5 Inf luence of Some Uncertainty Fac to r s  

The c a l c u l a t i o n s  discussed i n  Subsection 3.3 f o r  t h e  example problem 

( syn the t i c  or manufactured d a t a )  and i n  Subsection 3.4 f o r  t h e  NAPTC T e s t  91 

experimental da t a  r ep resen t  "basel ine" ca l cu la t ions .  I n  each of t hese  t w o  

ca ses  one i s  required t o  make choices  concerning t h e  assumed s i z e  and location 

of t h e  loading unce r t a in ty  zone, t h e  proper number of f i t t i n g  polynomials, 

etc. I n  order  to  explore  t h e  consequences of changes i n  these  choices ,  a 

b r i e f  series of c a l c u l a t i o n s  w a s  c a r r i e d  o u t  and i s  descr ibed i n  t h i s  sub- 

sec t ion  * 

A t o t a l  of 5 d i f f e r e n t  v a r i a t i o n s  i n  T E J  2 w a s  explored s ing ly  and i n  

combination, i n  an e f f o r t  t o  improve the  TEJ 2 r e s u l t s  using the  NAPTC T e s t  91 

p o s i t i o n  da ta .  These v a r i a t i o n s  can be summarized as fol lows:  

(1) The va lues  of t h e  var iances  used i n  t h e  Kalman f i l t e r  were 

interchanged so t h a t  t h e  ca l cu la t ed  f o r c e s  were emphasized 

i n  the  assumed zone of  loading unce r t a in ty ,  (The t r i a l  

va lues  of f o r c e  ou t s ide  t h i s  area were s t i l l  set  equal t o  

zero  however ) 

(2 )  The assumed s i z e  of t h e  zone of loading unce r t a in ty  

w a s  increased f o r  some runs  f r o m  7 mass s t a t ions  t o  

15  e 

(3) The yield. stress of t h e  s t r e s s - s t r a i n  curve f o r  one 

TEJ 2 run w a s  decreased by 25%, 
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(4 )  The i n i t i a l  p r o f i l e  of t he  r i n g  f o r  t he  nonstressed 

condi t ion was taken to  be the  smoothed pos i t i on  d a t a  

a t  t i m e  equals  zero,  r a t h e r  than a p e r f e c t  circle. 

(5) Mine r a t h e r  than 7 G r a m  polynomials w e r e  used t o  

def ine  the  timewise behavior of t h e  estimated 

forces .  

These changes w e r e  implemented i n  TEJ 2 only f o r  t he  synthe t ic  da ta  and 

the  NAPTC 91 test da ta .  A v a r i e t y  of combinations of changes was used, but  a 

lack of t i m e  prevented a thorough inves t iga t ion  of t h e  e f f e c t s  of implementing 

a l l  the  poss ib le  combinations. Thus, only general  e f f e c t s  can be described 

s ince complete q u a n t i t a t i v e  r e s u l t s  are not  ava i l ab le  a t  the  present  time, 

Table 4 presents  a desc r ip t ion  of t h e  d i f f e r e n t  TEJ 2 runs made t o  

inves t iga t e  the  e f f e c t s  of implementing the  above changes., Accompanying t h e  

l i s t  of parameters used i s  a shor t  descr ip t ion  of t he  r e s u l t s  obtained f o r  

each run. Two major observat ions can be seen from these  resu l t s .  The f i r s t  

i s  t h a t  f o r  t he  J E T  2 example problem (synthe t ic )  da t a ,  both acceptable  fo rces  

and acceptable pos i t i ons  (obtained by inpu t t ing  TEJ 2 fo rces  i n  JET 2 )  are 

obtained f o r  a l l  of t he  v a r i a t i o n s  t r i e d ,  including t h a t  i n  which t h e  calcu- 

l a t ed  fo rces  are emphasized i n  t h e  Kalman f i l t e r ,  The second observation i s  

t h a t  i n  genera l ,  f o r  t he  NAPTC 91 d a t a  e i t h e r  t h e  TEJ 2 fo rces  o r  t he  subse- 

quent JET 2 pos i t i ons  o r  both are judged to be lower i n  q u a l i t y  than des i red ,  

although they a r e  considerably b e t t e r  than the  ca lcu la ted  forces (which are 

equivalent  to  the  earlier TEJ L forces). 

From t h e  summary presented i n  Table 4 and the  d e t a i l e d  r e s u l t s  from the  

computer runs ,  t he  following t r ends  can be seen from each of t h e  va r i a t ions :  

1. Emphasizing the  ca lcu la ted  (TEJ 1) fo rces  i n  the  assumed zone 

of loading uncer ta in ty  tends t o  improve the  predicted JET 2 

p o s i t i o n s  r e s u l t i n g  from using the  TEJ 2 op thum forces ,  

This  i s  t r u e  f o r  both the  synthe t ic  da t a  (Run 1 vs ,  Run 2 )  

and t h e  T e s t  91 d a t a  (Run 6 vs. Run 7). However, t he  

"acceptab i l i ty"  of t he  TEJ 2 forcesF as f a r  a s  t h e i r  o v e r a l l  

appearance and p l a u s i b i l i t y  i s  concerned decreases.  For 
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t h e  example-problem d a t a ,  t h i s  degradat ion i s  n o t  g r e a t c  and t h e  

f o r c e  r e s u l t s p  when smoothed with a 5-point smoothing formula, 

appear to  be a good estimate of t h e  exact fo rces ,  However, t h e  

p l a u s i b i l i t y  of  t h e  T e s t  91 TEJ 2 pred ic ted  f o r c e s  appears  t o  

degrade considerably more than  the  syn the t i c  d a t a  r e s u l t s .  I f  

t hese  f o r c e s  are smoothed, t h e  f o r c e s  look more reasonable  bu t  

t h e  r e s u l t i n g  JET 2 posi t ions using t h e  smoothed TEJ  2 fo rces  

are considerably worse than t h e  posi t ions obtained from the  

bas i c  TEJ 2 run  (Run 6 i n  Table 4 ) .  

2, Increasing the  s i z e  of t he  assumed zone of loading unce r t a in ty  

(Runs 3 and 8)  y i e l d s  the  same t r ends  as descr ibed i n  item 1, 

al though t h e  degradat ion of t h e  appearance of t he  optimum 

f o r c e s  is no t  as g r e a t .  

3 .  Decreasing t h e  y i e l d  stress f o r  t h e  r i n g  material 's  stress- 

s t r a i n  curve (Run i o )  r e s u l t e d  i n  optimum f o r c e s  which were 

somewhat d i f f e r e n t ,  b u t  t h e i r  o v e r a l l  appearance w a s  e s sen t i -  

a l l y  unchanged. When these  f o r c e s  w e r e  subs t i t u t ed  i n t o  

J E T  2 ,  however, t h e  r e s u l t i n g  p o s i t i o n s  tended to  be con- 

s ide rab ly  worse than those obtained from Run 6 ( the  "base- 

l i n e  run" f o r  T e s t  9 1 ) -  

4, Using t h e  smoothed p o s i t i o n  data t o  d e f i n e  the  r i n g  shape a t  

t i m e  equals zero improved t h e  p o s i t i o n  r e s u l t s  obtained from 

t h e  T e s t  91 d a t a  (Run 1 3 ) ,  bu t  e s s e n t i a l l y m a d e  l i t t l e  d i f f e r -  

ence i n  those f o r  t h e  example problem syn the t i c  da t a  (Run 41, 

Conversely, t h e  p l a u s i b i l i t y  of t he  optimum f o r c e s  w a s  con- 

s ide rab ly  worse f o r  both sets of d a t a  when compared with t h e  

base l ine  runs  f o r  each case. 

5, Using a higher order  Gram polynomial overall timewise fo rce  

f i t  f o r  t h e  est imated f o r c e s  f o r  t h e  T e s t  91 d a t a  (Run 11) 

d i d  no t  make a very s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  t h e  

optimum f o r c e s  or t h e  r e s u l t i n g  JET 2 p o s i t i o n  p red ic t ions ,  

The t rend  w a s  found t o  be s l i g h t l y  degrading f o r  t h e  
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pos i t i ons ;  t h e  p l a u s i b i l i t y  of the  optimum fo rces  w a s  

e s s e n t i a l l y  unchanged. 

Since t h i s  examination of t he  inf luence of var ious  uncerkainty f a c t o r s  has  

not  been comprehensive, only very l imi ted  conclusions can be drawn; a more 

extensive study i s  considered t o  be advisable .  Within the  studied range of 

v a r i a t i o n  of each of these  uncer ta in ty  f a c t o r s ,  l i t t l e  o r  no improvement i n  

the  p l a u s i b i l i t y  of t he  TEJ  2 predicted i n t e r a c t i o n  fo rces  has been found; a 

more extensive s tudy  may r evea l  m o r e  pronounced e f f e c t s .  

It  is clear t h a t  t h e  present  s t a t u s  of development of TEJ  2 i s  adequate 

f o r  both t h e  type of information and the  type and ex ten t  of information un- 

c e r t a i n t i e s  conceived of and examined i n  the  example problem. 

f a c t o r s  appear t o  represent  an incomplete conceptual/mathematical model of 

the  ac tua l  experimental s i t u a t i o n  represented,  f o r  example, by NAPTC T e s t s  88 

and 91. That is ,  the  information ingredien ts  employed i n  TEJ 2 a t  the present  

t i m e  ((a) force  estimates from cg motion, (b) force  estimates from .individual 

mass-point motion data, together  with hopefully p l aus ib l e  es t imates  of t h e  PE 

of these  data, and (c) t h e  data smoothing methods) may not  be adequate t o  

These included 

permit the  des i red  r e so lu t ion  and accuracy of the  predicted i n t e r a c t i o n  fo rces  

i n  view of t he  q u a l i t y  and quan t i ty  of t he  ava i l ab le  experimental da t a  i n  a 

given test .  I t  i s  conceivable t h a t  the use of (1) add i t iona l  experimental 

information such as t r a n s i e n t  s t r a i n  measurements, f o r  example, (2) a s e m i -  

independent estimate, based upon momentum and energy cons idera t ions ,  of t h e  

i n t e r a c t i o n  fo rces  ( thus  providing a t h i r d  inpu t  t o  the  Kalman f i l t e r  l o o p ) ,  

and/or (3 )  a more e f f e c t i v e  yet-to-be-conceived means f o r  processing the  present  

type of experimental posit ion-time data may r e s u l t  i n  s i g n i f i c a n t  improvements 

t o  the  predicted i n t e r a c t i o n  forces. Also, t h e  improving of experimental 

measurement accuracy and r e so lu t ion  must be reexamined. 

3 , 6  Suggested Studies  t o  Improve the Transient  Force Predic t ion  Capabi l i ty  

of a TEJ-Type Program 

It i s  convenient to  ca tegor ize ,  i n  t he  following three groupings, t he  

var ious mat te rs  which suggest themselves for  f u r t h e r  study and/or development 

i n  a quest  f o r  improving fragment-ring i n t e r a c t i o n  fo rce  p red ic t ions  from a 
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TEJ  t ype  ana lys i s ;  t hese  groupings and some assoc ia ted  avenues which mer i t  

s tudy follow: 

(1) B a s i c  TEJ-Type Analysis Developments 

(a) The c u r r e n t  TEJ 2 program u t i l i z e s  measured pos i t i on  da ta  

f o r  a complete c i rcumferent ia l  se t  of m a s s  p o i n t s  of a fragment- 

impacted r i n g  a t  d i s c r e t e  successive i n s t a n t s  i n  t ime; these  

data are processed t o  deduce " t w o  prel iminary es t imates"  of 

t he  ex te rna l  fo rces  a c t i n g  on each m a s s  p o i n t  of t h e  r i n g  as 

a func t ion  of t i m e .  These " t w o  prel iminary fo rce  es t imates"  

a r e  then f ed  i n t o  a Kalman f i l t e r  block together  with chosen 

weighting f a c t o r s ;  the  r e s u l t i n g  output  from the  Kalman f i l t e r  

ca l cu la t ion  produces a " b e t t e r "  p red ic t ion  of the  ex te rna l  

f o r c e s  a c t i n g  on the  r i n g .  The in t roduc t ion  of a t h i r d  

"prel iminary fo rce  est imate"  such as from a semi-independent 

es t imate  from a s impl i f ied  fragment-ring i n t e r a c t i o n  model 

which u t i l i z e s  momentum and energy cons idera t ions ,  f o r  example, 

would improve the  cu r ren t  TEJ 2 type (Kalman f i l t e r )  p red ic t ion  

of t h e  sought fo rces ,  and should be pursued. 

(b)  Data smoothing techr iques  [51 which u t i l i z e  most i f  no t  a l l  

of t he  earlier-time da ta  i n  o rde r  t o  p r e d i c t  the  ex te rna l  

f o r c e s  a c t i n g  on each mass-point l oca t ion  a t  any given time 

should be examined and incorporated i f  f e a s i b l e  

(c) The cause of t he  spurious o s c i l l a t i n g  peaks i n  the  fo rces  

pred ic ted  i n  some of t he  T E J  2 c a l c u l a t i o n s  involving the  u s e  

of t h e  example-problem data should be sought and removed i f  

poss ib l e  e 

(d)  The cause of t h e  t i m e  asymmetry of t he  F component of t he  

ex te rna l  f o r c e s  pred ic ted  by TEJ 2 f o r  t he  example problem 

(see  Fig. 1.3) should :)e searched. ou t  and remedied, 

z 

( 2 )  Study of the  E f f e c t s  of Various Fac tors  i n  TEJ 2 by Application to  

a Well-Defined Problem 
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In  the  p re sen t  study, Example Problem 1 of Appendix B has been 

employed (as a r e l i a b l e  source of mass p o i n t  posi t ion-t ime d a t a ,  subsequently 

perturbed i n  var ious  ways) t.o assess the  p l a u s i b i l i t y ,  r e l i a b i l i t y ,  and 

accuracy of the  fo rces  pred ic ted  by u t i l i z i n g  t h i s  information i n  TEJ 2. That 

examination, however, has covered only a small par t  of t he  spectrum of condi t ions  

and choices  which must be explored i f  a s a t i s f a c t o r y  understanding and assess- 

ment of t h i s  quest ion i s  t o  be reached, Among t h e  matters which deserve f u r t h e r  

study t o  a s ses s  their e f f e c t  i n  the  TEJ 2 fo rce  p red ic t ions  v i a  t h e  veh ic l e  of 

example-problem da ta  siqilar to  but  more comprehensive than t h a t  u t i l i z e d  i n  

the  present  study are : 

The e f f e c t  of va r ious  s i z e s  of mass-point p o s i t i o n  probable 

e r r o r s  ( P E ) ,  where the  PE i s  taken t o  be the  same f o r  a l l  m a s s  

p o i n t s  and a l l  i n s t a n t s  of t i m e .  

The e f f e c t  of both space-varying and time-varying probable 

errors of t h e  m a s s  po in t  pos i t i ons .  

A more comprehensive examination of t h e  e f f e c t  of using t h e  

a c t u a l  pre-impact r i n g  mass-point p o s i t i o n s  f o r  t h e  unstressed 

s t a t e  of t h e  r i n g  i n  TEJ  2 r a t h e r  than the  smoothed pre-impact 

pos i t i ons .  

The effect  of the  ex ten t  and the  loca t ion  of the  zone of load- 

ing  unce r t a in ty  (see Fig. 7 )  - 
The e f f e c t  of t he  s i z e  of t h e  r a t i o  of t h e  var iance  t c -  t h e  

peak appl ied load,  f o r  each of  the  types  of "preliminary fo rce  

est imates"  which are being supplied t o  the  Kalman f i l t e r  block 

of TEJ 2. 

The e f f e c t  of a l t e r i n g  t h e  type of assumed s p a t i a l  d i s t r i b u t i o n  

f o r  each component of the  estimated f o r c e s  ( see  Subsection 

3.4.2.2) c u r r e n t l y  suppl ied t o  the  Kalman f i l t e r  block. 

( 3 )  Studies  of Various Fac tors  Per ta in ing  t o  t h e  Experimental D a t a  

(a)  A thorough assessment of t he  d a t a  from both T e s t s  88 and 31 

should be c a r r i e d  ou t  t o  determine t h e  probable error i n  
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t h e  p o s i t i o n  d a t a  (compared with a meaningful re ference  

u t i l i z e d  i n  TEJ  2 such a s  the  smooth-position loca t ion )  as  a 

func t ion  of both c i rcumferent ia l  l oca t ion  and t i m e .  

(b) Since Tes t s  88 and 91 were conducted under c l o s e l y  similar 

(although not  dup l i ca t e )  condi t ions ,  t h e  d a t a  from these  two 

tests should be c a r e f u l l y  c ross -cor re la ted  i n  order  t o  assess 

t h e i r  s i m i l a r  and d i s s i m i l a r  f e a t u r e s .  This i s  p e r t i n e n t  s ince  

similar T E J  2 type analyses  of these  two sets of d a t a  pred ic ted  

widely d i f f e r i n g  ex te rna l  f o r c e s  a c t i n g  on these  two r ings .  

(c) One should reexamine t h e  a d v i s a b i l i t y  of changes i n  t h e  

type and q u a l i t y  of t h e  experimental  t r a n s i e n t  response 

d a t a  needed as  inpu t  t o  a TEJ- type  program. 
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SECTION 4 

SUMMARY 

Research i n t o  t h e  t h e o r e t i c a l  a spec t s  of containment/deflection devices  

has been continued during t h i s  past year and t h e  gene ra l  approach towards ob- 

t a i n i n g  an understanding of t h e  fragment containment/deflection phenomena has 

been expanded. A new computer program, c a l l e d  JET 2 ,  which can be used t o  

p r e d i c t  accu ra t e ly  both small and l a r g e  Kirchhoff deformation t r a n s i e n t  re- 

sponses of a mul t i l aye r ,  hard-bonded, mul t imater ia l  r i n g  i f  t h e  t r a n s i e n t  

external ly-appl ied f o r c e s ,  t h e  r i n g  geometry, and the  material p r o p e r t i e s  are 

known, has been developed, and i s  presented i n  Appendix B. The program has 

t.he c a p a b i l i t y  of tak ing  i n t o  account any a r b i t r a r y  prescr ibed  time-dependent 

forc ing  func t ion;  it can account f o r  elastic-plastic , st rain-hardening 

rate dependent material properties. 

s t r a i n -  

A s  reported i n  Ref. 1, a program termed TEJ 1 w a s  w r i t t e n ,  which em- 

bodied a new method designed to  deduce the  r e s u l t a n t  f o r c e s  ac t ing  upon a 

containment r i n g  due t o  ring-fragment i n t e r a c t i o n ,  by analyzing posi t ion-t ime 

d a t a  f o r  t h e  r i n g  measured from high-speed photographs taken of t h e  event.  

The accuracy required of posi t ion-t ime d a t a  so t h a t  TEJ  1 could determine 

acceptably accura te  estimates of t he  t r a n s i e n t  ex te rna l  f o r c e s  w a s  found to  be 

approximately PE = 0.003 inch  f o r  a r i n g  of nominal 7.3-inch midsurface r ad ius .  

However, ava i lab le- informat ion  from error ana lyses  made of experimental  p o s i t i o n  

d a t a  supplied by t h e  NAPTC i n d i c a t e s  t h a t  t h e  b e s t  accuracy c u r r e n t l y  obta inable  

from the  high-speed photographs i s  about PE = 0.01 inch  f o r  repeated readings  

of t h e  i n e r t i a l  p o s i t i o n  of any given p o i n t  on a tes t  r i n g  a t  a given i n s t a n t  i n  

t i m e .  Thus, it w a s  concluded t h a t  t h e  T E J  1 program w a s  incapable  of p red ic t ing  

s a t i s f a c t o r i l y  the  ex te rna l  forces .  Accordingly, improvements i n  t h a t  method 

were d e s i r a b l e  and have been c a r r i e d  o u t  i n  t h e  present study. 

A new computer program TEJ 2 ,  which i s  an  outgrowth of t h e  o r i g i n a l  

TEJ 1 program has been developed (but  i s  no t  documented because of i t s  

incomplete state) and improves upon t h e  t r a n s i e n t  e x t e r n a l  f o r c e  p red ic t ions  

of the  TEJ 1 program, This  program has been demonstrated t o  be able to  p r e d i c t  
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s a t i s f a c t o r i l y  t h e  e x t e r n a l  f o r c e s  ac t ing  upon t h e  r i n g  due t o  fragment-ring 

i n t e r a c t i o n  i f  t he  p o s i t i o n  d a t a  can be charac te r ized  as having a PE l e s s  than 

or equal t o  0-01  inch ,  with a Gaussian d i s t r i b u t i o n .  However, t h e  f i n a l  

optimum f o r c e  r e s u l t s  obtained from TEJ 2 ,  using experimental  containment r i n g  

posi t ion-t ime da ta  obtained from NAPTC high-speed photographs, do not  as y e t  

appear t o  be accura te  enough f o r  p re sen t  purposes; it appears  poss ib l e  t h a t  

t h e  posi t ion-t ime test  d a t a  obtained from NAPTC conta ins  a d d i t i o n a l  errors 

which have no t  y e t  been taken i n t o  account properly.  Thus, it is  concluded 

t h a t  e i t h e r  f u r t h e r  improvements must be made t o  TEJ  2 o r  improved experi-  

mental posi t ion-t ime d a t a  must be obtained or both,  i n  order  t o  ob ta in  satis- 

f a c t o r y  i n t e r a c t i o n  f o r c e  p red ic t ions  from TEJ 2. This  e f f o r t  r ep resen t s  one 

f a c e t  of an a t t a c k  on t h e  c e n t r a l  problem of determining the  i n t e r a c t i o n  f o r c e s  

produced by fragment impingement upon containment/deflection s t r u c t u r e s .  
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TABLE 1 

DATA CHARACTERIZING W T C  RING TESTS 88 AND 91 

Ring D a t a  

Material 

Diameter (O.D. inches)  

Radial  Thickness ( inches)  

Axial Length ( inches)  

Fragment Data 

Type 

Material 

Outer Radius ( inches)  

Fragment Centroid ( inches)  

Fragment Weight ( l b s )  

Blade Length (inches) 

F a i l u r e  Speed (RPM) 

Blade T i p  Veloc i ty( ips)  

Centroidal  Veloci ty  (ips) 

Fragment Trans l a t iona l  KE 

Fragment Rotat ional  KE 
(in-lb) 

(in-15) 

Camera D a t a  

Framing Rate (pps) 

Indiv idua l  Frame I n t e r v a l  
t ime (vsec) 

T e s t  88 

2024-T4 Aluminum 

17.619 

0.153 

1.506 

T-58 Single  Blade 

LAPELLOY C 

7.0 

4.812 

0 e 084 

3.5 

15374.3 

11270. 

7748. 

6525. 

280.4 

33950 

29.4 

T e s t  91 

2024-T4 Aluminum 

17.619 

0.152 

1.506 

T-58 Single  Blade 

LAPELLOY C 

7.0 

4.812 

0.084- 

3.5 

15644.4 

11467. 

7884 e 

6756. 

290.3 

33225 

30.1 
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TABLE 2 

F I N &  OPTIMUM FORCES* CALCULATED BY TEJ 2 FOR NAPTC RING TEST 88 WITH 

(J = 1000 LBS, Ocal = 5000 LBS, USING FORCE F I T S  WITH 15 FOURIER CO- est  

Time 

psec 

29.4 

58.9 

76.6 

88.4 

117 e 8 

147.3 

176.7 

206.2 

235.6 

265 1 

294.5 

323.9 

353.4 

382.9 

412,3 

441 e 8 

471 2 

500-7 

530.1 

559,6 

589.0 

618 a 5 

647.9 

677 4 

706.8 

736 3 

765,7 

EFFICIENTS I N  SPACE AND 7 GRAM POLYNOMIALS I N  TIME 

Mass Poin t  Number ( s e e  Fig.15a) 

39 

F Y  F Z  

116 171 

191 99 

307 106 

254 96 

76 37 

-25 -13 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0' 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  
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F Y  F Z  

128 850 

24 416 

15 304 

10 214 

245 135 

321 76 

202 17 

-120 -72 

6 -24 

-36 2 

-180 3 

-109 16 

141 73 

28 64 

-118 69 

2a 98 

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

0 0  

41 42 . 

FY F Z  I FY FZ  

197 1320 47 798 

428 735 107 420 

557 618 79 291 

553 506 111 205 

467 268 246 113 

478 84 295 71 

562 68 238 38 

391 91 350 0 

271 96 373 93 

246 115 275 169 

235 133 269 332 

166 208 304 407 

-34 238 305 458 

83 283 176 549 

147 314 79 631. 

-49 336 135 700 

-165 340 164 713 

38 86 4 402 

54 99 -31 346 

-188 104 206 352 

-89 140 49 214 

206 253 -313 -20 

341 294 -330 -78 

251 303 -241 -139 

305 272 -330 -235 

0 0 0 0 
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F.Y FZ 

-17 114 

103 99 

118 84 

147 100 

112 79 

120 50 

127 40 

315 78 

260 121 

317 300 

329 226 

104 177 

-36 186 

25 222 

7 238 

-122 265 

-156 289 

17 659 

47 610 

-171 502 

-41 534 

525 842 

584 759 

473 591 

627 602 

0 0  

44 

F Y  FZ  

0 . o  
0 0 

0 0 

0 0 

0 0 

0 0 

-49 0 

31 0 

77 25 

-19 -15 

57 143 

132 183 

128 150 

63 156 

82 192 

152 222 

146 204 

11 408 

-19 344 

136 383 

-49 138 

-495 -253 

-433 -220 

-258 -121 

-441 -378 

-276 -308 

0 0  
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F Y  FZ  

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 Q 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

-96 -144 

24 94 

-4 43 

-99 -48 

17 5 255 

616 686 

5 05 53 9 

347 3 07 

57 7 584 

0 0 

* 
Forces a r e  given i n  pounds 
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Time 

usec 

30.1 

60.2 

90.3 

120.4 

150.5 

180.6 

210-7 

240.8 

270.9 

301.0 

331.1 

361.2 

391.3 

421.4 

451.5 

481.6 

511 e 7 

541.8 

571.9 

602.0 

TABLE 3 

FINAL OPTIMUM FORCES* CALCULATED BY T E J  2 FOR NAPTC RING TEST 91 WITH 

a = 1000 LBS, Ucal = 5000 LBS, USING FORCE F I T S  WITH 15 FOURIER CO- est 
EFFICIENTS I N  SPACE AND 7 GRAM POLYNOMIALS I N  TIME 

53 

F Y  FZ 

20 

32 

27 

13 

13 

7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

56 

99 

111 

58 

92 

104 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mass po in t  N u m b e r  ( s e e  Fig.15b) 
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FY F Z  

50 147 

67 304 

99 443 

111 504 

104 561 

74 546 

7 58 

3 60 

3 0 

11 17 

0 54 

-19 71 

-17 32 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

55 

F Y  F Z  

78 295 

145 515 

159 691 

143 794 

140 868 

141 902 

85 599 

51 602 

18 580 

0 557 

-8 490 

-20 463 

-52 413 

-18 66 

-23 31 

-23 66 

-12 61 

-5 27 

-3 5 

0 0 

56 

F Y  F Z  ___- 

43 170 

61 270 

95 427 

118 537 

107 558 

72 559 

92 949 

83 898 

64 881 

24 853 

-29 767 

-67 668 

-79 553 

-51 321 

-66 282 

-82 190 

-94 153 

-91 150 

-74 97 

0 0 
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F Y  F Z  

14 25 

47 30 

24 74 

-9 99 

-4 108 

22 113 

74 633 

42 627 

-13 714 

-19 668 

0 508 

-15 456 

-52 417 

*116 537 

-120 430 

-131 354 

-137 282 

-140 247 

-135 210 

0 0 
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F Y  F Z  

0 0 

0 0 

0 0 

0 0  

0 0 

0 0 

-16 124 

17 66 

16 81 

-4 140 

-13 108 

-15 85 

- 1  43 

-51 324 

-72 289 

-79 210 

-79 143 

-99 171 

-98 150 

0 0  

59 

F Y  FZ  

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

-21 66 

-12 55 

-23 64 

-14 21 

-20 38 

-27 67 

0 0 

* 
Forces are given i n  pounds 
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It3 TA ;I 
(a) ARBITRARY LOADING 

I3TA =2 
(b) LOCAL SINUSOIDAL DISTRIBUTION SPECIFICATION FOR M I  = 2 

FIG. 2 CIRCUMFERENTIAL DISTRIBUTION OF THE INITIAL VELOCITY 
CORRESPONDING TO SPECIFIC VALUES OF IOTA 
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INPUT VALUES OF T2 ,AMP2TY ,AMF'2RZ , ACTUAL l-OMINAL 
FORCE TIME HISTORY 

SEC) 

A h P  1 R Z  -0 

( 2 )  "NOMINAL FORCE'' COMPONENT TIME HISTORY 

YASSPK') 
GX2 (iQiSSSC,> 

I F  NRTYZ = I 
iCADIAL A,W TASGENTLAL 
VALUES GF GTY AND GRZ 
ARE READ I N  

(33% L5) 

Y AND Z VALL'ES OF 
GTY AND GRZ ARE 

(b) SPATIAL FORCE DISTRIBUTION 

FIG, 3 TIME HISTORY AND SPATIAL DISTRIBUTION METHOD 
CORRESPONDING TO JOLT = 2 
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T 1=TBEG I N  TF INAL 
(a) "NOMINAL FORCE" (F ) TIME HISTORY 

0 
AMP 1 ==O 

TOTAL FORCE UhDEX S 
CURVE = RATIO(l)*Fo 

TOTAL FORCE 

(b) SPATIAL FORCE DISTRIBUTION 

fNE 

F ,  TOTAL AREA UNDER CURVE 
EQUALS CURRENT VALUE 
OF TOTAL FORCE 

Y i S S  STATION MASS STATION 
'WSTAT'~ *'NSTAT+MASSK- 1" 

MASS STATICN 
ARC 3N RING 

(c) DETAIL OF LOCAL SINE FORCE DISTRIBUTION FOR 

F I G .  4 TIME HISTORY AND SPATIAL DISTRIBUTION METHOD 
CORRESPONDING TO JOLT = 3 
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SLOPE EI=E 

U 
O 5  

U 

U 

0 .2 

O1 

(a) STATIC CASE 

0 

- 0  
' 0  

0 
0 

(b) STRAIN-RATE BEHAVICR 

FIG. 5 IDEALIZED STRESS-STRAIN RELATIONS 
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CALCULATED EXT- 

TIME J (TRIAL) 

TIP& J F&qq CG 
LUCUS tlIS1LKY 

FORCES, TINE J 

I 
F INAL 
OPTIMUM EXTERNAL 
FORCES AT TXME J 

FIG. 6 FLOW CHART OF METHOD USED I N  T E J  2 TO OBTAIN THE OPTIMUM 
EXTERNAL FORCES ACTING ON A CONTAINMENT RING U S I N G  
MEASURED POSITIONS VS TIME 
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SWiBCL TIME(pSEC) 
0 0 
A 150 

300 
459 
000 

0" v 

JUDGED 

2 4 6 8 19 12 14 16 18 22 
NUMBER OF FOURIER COEFFICIENTS USED TO SMOOTH POSITION DATA I N  SPACE 

F I G ,  8 OVERALL AVERAGE PROBABLE ERROR BETWEEN J E T  2 EXAMPLE 1 
SYNTHETIC PE = 0.01-INCH POSITION DATA AND SPACE SMOOTHED 
DATA VS MUl4BER OF FOURIER COEFFICIENTS AT CHOSEN TIMES 
DURING RING RESPONSE 
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Z 
0 IlYPACTED WASSES 

10 0 IMPACT-FREE PASSES 38 

5 

I 
-8 

7 

OKIGINAL R I N G  PROF 

-6 -4 -2 0 

-.' I 

k 

F I G .  9 EXAMPLE RING P R O F I L E  AT T I M E  = 570 p S E C  USING INEXACT 
PE = 0 . 0 1 - I N C H  P O S I T I O N  DATA FROM JET 2 EXAMPLE 1 I N  
APPENDIX B ,  R E F E W D  T O  I N E R T I A L  COORDINATES 
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X EXACT POSITIONS 
0 INEXACT POSITIONS 

( see Subsections 3 . 3 .  I ~ 3 .3 .3 )  

15 Four ie r  Harmonics 
7 G r a m  Pol-jmomials 

SNOOTHEE POSITIONS - 

0 . 8 r  

I 1 1 @ 1 

200 400 600 800 1000 

TIME ( SEC) 
200 400 600 800 1000 0 

-7.0 

' -7.6 .2 
W 

4-3 .8  
-4 

FIG.10 MASS STATION 1 INERTIAL POSITION VS TIME FOR JET 2 
EXAMPLE 1 IN APPENDIX B 
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- 0 - 8  

-1 .0  

- 1 * 2  

-1 .4 

-1 -6 

-1.8 

c - 2 . 0  

u - 2 . 2  

* * -2 .4  

-2  - 6  

-2.8 

n 
rD 
aJ 

2 
v4 

a.l 

X EXACT POSITIONS 
0 INEXACT POSITIONS 

- SMOOTHED PCSITIONS 
(see Subsec t ions  3 . 3 . 1  and 3 . 3 . 3 j  

1 5  F o u r i e r  Harmonics 
7 Grmi Polynomials 

x 

t 

- d 

FIG, I1 MASS STATION 38 INERTIAL POSITION VS TIME FOR JET 2 
EXAMPLE 1 IN APPENDIX B 

59 



1 1 I I 

X EXACT 
0 INEXACT 

( s e e  Subsect ions 3 . 3 .  i and 3 . 3 . :  
- 7 GRAH FGLYNGMIAL, APPROXTMATION 

TIME QASEC) 

FIG. 12 CG LO'CUS OF CONTAINMENT RING IN THE 2 DIRECTION VS TIME 
USING INEXACT'POSITION DATA FROM JET 2 EXAMPLE 1 IN 
APPENDIX E3 
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0 

W 

0 6 GRAM POLYNOMLAL REPRESENTATION 
I 1  

81  

10 - EXACT FORCE TIiW HXSTORY 

rc) 
I 
0 
?-I 

F I G .  13 TOTAL ESTTMTED EXTERNAL FORCE ACTING OM RING CG VS TINE USING 
INEXACT CG POSITION DATA FROM J E T  2 E PIX I IN APREMQICX 33 

6% 



-L+ 

JBTAXNED FRClPi T E J  2 !JSXNG INEXACT P E = O . ? i  

.L\IYPLE 1 I N  APPENDIX B 
INCH POSITION DATA GENERATED BY J E T  2 EX- 

1 1  

- 
VALUES ARE 
ZERO EXCEPT 
WHERE NOTED 
OTHERW I S E  

0 ESTIMATED FORCES 
I N  F I G .  6 )  

T E J  1 TYPE 
FORCES (m I N  F I G - 6  

A OPTIMUM FORYES BEFORE 
SMOOTHING ( ) 

 FINAL OPTIMUP~ FORCES 
AFTER SMOOTHING (0 

-EXACT FORCES 

= 5000 LBS 
CAL 

= 1000 LBS 0 (a) ‘EST 

i!i 
I 

YASS STATION 

= 5000 LBS OWL = 1000 LBS 
(b) ‘EST 

FIG. 1 4  ESTIMATED, OPTIIIIUM, AND EXACT FORCES I N  THE Y DIRECTION 
VS MASS STATION NUMBER OBTAINED FROM TEJ  2 AT TIME 
EQUALS 210 VSEC FOR THE EXAMPLE PROBLEX, COMPARED WITH 
CALCULATED T E J  1 TYPE FORCES 
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0 NAPTC MEASURED POSITIONS 
+ J E T  2 CALCULATED POSITIONS USI ldG 

T E J  2 FINAL 3PTIMUM FORCES 
PASSES ASSUMED TO BE IMPACT LOADED 

IN THE J E T  2 CALCULATION 
__m CXIGIIUAL RING SHAPE 

(I SCHE s j 

FIG.  15a PROFILE OF NAPTC TEST RING 88 AT TIME = 570 PSEC, 
REFERRED TO INERTIAL COORDINATES 
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o NAPTC MWSUKED Posmms 
+ JET 2 CALCULATED POSTTIONS !JSING 

T E J  2 F I N A L  OPTIMUM FORCES 
PASSES ASSUMED TO BE IMPACT LOADED 

I N  THE JET 2 CALCULATION 
ORIGINAL RING SHAPE _I 

Z 

Y INCHE 

F I G .  15b PROFILE OF NAPTC TEST RING 91 AT TIME = 570 VSEC, 
REFERRED TO INEIWIAL O R D I N A T E S  
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F I G .  16 NASS STATION 1 9  INERTIAL POSITION VS TIME FOR NAPTC TEST RING 91 
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b 

F I G .  18a CG LOCUS FOR NhlPTC TEST .ZING 91 I N  THE Y D1:IIECTION 

VS TIME 
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800 1000 1200 
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F I G ,  1% CG LOCUS FOR MAPTC TEST RING 91 I N  THE Z DIRECTIOE; 
VS T I  
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F I G .  19a TOTAL ESTIMATED EXTERNAL FORCE I N  THE Y DIRECTION ACTING 
ON THE RING CG VS TIME USING AVERAGED POSITION DATA FROM 
NAPTC RING TEST 91 

a 6 GRAM POLYNOMIAL FTT 

NAPTC RING TEST 91 
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FIG.  20 FINAL OPTIMUM FORCES I N  THE Y AND 2 DIRECTIONS VS MASS 
STATION NUMBER OBTAINED FROM TEJ 2 AT T I m  EQUALS 
210 VSEC FOR NAPTC TEST RING 91, COMPARED WITH CALCU- 
LATED T E J  1 TYPE FORCES AND WITH CG-LOCUS ESTIMATED 
FORCES 

69 



ADpendix A 

EVALUATION OF FORCES AND MOMENTS BY THE GAUSSIAN QUADRATURE METHOD 

In  the  f in i t e -d i f f e rence  formulation of the  equilibrium equat ions used 

t o  ca l cu la t e  the t r a n s i e n t  response of t h e  r i n g  s t r u c t u r e ,  it is necessary t o  

evaluate the inplane stress and moment r e s u l t a n t s  a t  s p e c i f i c  p o i n t s  around 

the  r ing .  Since the  s t r u c t u r e  can undergo e l a s t i c - p l a s t i c  deformations, t he  

thicknesswise s t a t e  of plane stress assumed can be ca lcu la ted  conveniently 

only a t  a f i n i t e  number of l oca t ions  through t h e  thickness .  A numerical i n t e -  

g ra t ion  (or  quadrature) scheme is  then employed t o  evaluate  the  inplane stress 

and moment r e s u l t a n t s .  

Of the  var ious c l a s s i c a l  quadrature methods available f o r  use ,  Gaussian 

quadrature i s  probably the  most e f f i c i e n t  and popular of t he  methods used. 

method r equ i r e s ,  i n  genera l ,  absc issa  va lues  t o  be supplied a t  thicknesswise 

loca t ions  spec i f ied  by i r r a t i o n a l  numbers, but  t he  Gaussian quadrature method 

has been proven t o  be capable of supplying a comparable accuracy (compared t o  

other  numerical i n t eg ra t ion  methods such as the  center-value r u l e ,  or Simpson's 

r u l e )  with half  thd number of terms. 

T h i s  

A l l  quadrature methods evaluate  t h e  following i n t e g r a l  i n  the  following 

manner [9] : 

-I J=l 

where W are weighting factors whose va lues  depend upon the  loca t ion  x 

the  method used, and f ( x . 1  are t h e  va lues  of the  funct ion (stress, f o r  example) 

a t  each x e 

of the  form 

and 
j j 

3 
The inplane fo rces  and moments t o  be evaluated involve i n t e g r a l s  

j 

Thus, by s e t t i n g  x = 2 y h ,  t he  i n t e g r a l  becomes: 
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J -% 

j 
c 

1 

2 

3 

4 

Example c a l c u l a t i o n s  made i n  o the r  elastic-plastic response s t u d i e s  1101 

using a f i n i t e - d i f f e r e n c e  method similar t o  t h a t  used i n  JET 2 with 4-point,  

6-point,  and 8-point Gaussian i n t e g r a t i o n s ,  has shown t h a t  t h e  d i f f e rence  i n  

t h e  t r a n s i e n t  deformation and s t r a i n  results between using 4-point i n t e g r a t i o n ,  

and the  6- and 8-point i n t e g r a t i o n s ,  w a s  neg l ig ib l e .  T h a t  study ind ica ted  that 

a 4-point Gaussian quadrature  i s  s u f f i c i e n t  f o r  most problems of i n t e r e s t .  

Therefore,  because of t h e  lower computation t i m e  and s impl i c i ty  i n  programming, 

it w a s  decided to  f i x  t h e  number of  s t a t i o n s  used i n  t h e  Gaussian quadrature  

f o r  each l aye r  of t h e  mult i - layer  r i n g  a t  4 i n  t h e  JET 2 program. 

X W 
j j 

+ 0.86113 63115 94053 0.34785 48451 37454 

- 0.33998 10435 84856 0.65214 51548 62546 

+ 0.33998 10435 84856 0.65214 51548 62546 

- 0.86113 63115 94053 0.34785 48451 37454 

For a 4-point Gaussian quadrature ,  t h e  va lues  f o r  x and W ,  are tabu- 
j 3 

l a t e d  as fol lows 191: 
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APPENDIX B 

USER INSTRUCTIONS FOR THE JET 2 COMPUTER PROGRAM 

B e  1 Introduct ion 

This appendix p re sen t s  t he  d e t a i l e d  information required t o  use the  
* 

J E T  2 program , from a desc r ip t ion  of the  required input  t o  the  presenta t ion  

of three  sample runs,  with i n p u t  and r e s u l t a n t  output  which can be employed by 

the  user  f o r  checking the  adaptat ion of t he  program to  h i s  computing f a c i l i t y .  

Included a l s o  a r e  a p a r t i a l  l i s t  and explanat ion of t h e  va r i ab le  names used i n  

the  program and the  FORTRAN I V  l i s t i n g  of the  J E T  2 program. 

B.2 D a t a  Input Procedure 

B.2.1 Input Data Required 

The information required to punch a se t  of d a t a  cards  f o r  a run is 

presented i n  a step-by-step manner i n  the  following. The va r i ab le s  t o  be 

punched on the  n th  da t a  card a r e  out l ined  i n  a box; t o  the  r i g h t  i s  the  

format t o  be used for t h a t  card; and f i n a l l y ,  t he  d e f i n i t i o n  and l i m i t s  f o r  

each va r i ab le  are given d i r e c t l y  below. This i s  done f o r  each card ,  i n  t u rn ,  

u n t i l  a l l  are described. 

Cards 1 through 6 are used to descr ibe  the  r i n g  geometry, t he  r i n g  model 

makeup, and the  program constants .  

Card 1 Format 

R , B , DELTAT 3E15 a 6 

where 

R is t h e  r ad ius  to  t h e  inner surface of the  composite 

r ing ,  i n  inches (see Fig. 1) e 

B is t h e  width of t h e  composite r i n g  i n  inches.  

4 
Although the  JET 2 program treats hard-bonded multi- layer r i n g s  having up t o  

3 l aye r s  each of d i f f e r e n t  material, JET 2 may a l s o  be employed to analyze t h e  
t r a n s i e n t  responses of s ingle- layer  r ings .  
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DELTAT 

where 

i s  t h e  time i n t e r v a l  per  cyc le  t o  be used i n  t h e  

running of t h e  program. A s  noted i n  Ref. 2 ,  

DELTAT cannot be chosen a r b i t r a r i l y ,  bu t  i s  sub- 

ject  to  the  following s t a b i l i t y  c r i t e r i o n :  

DELTAT should be chosen so t h a t  it i s  s l i g h t l y  

less (about 5%) than the  smaller of the  following 

t w o  t imes : 

ATLat  

1 2 
2 AS 

2, 
= 0 /E of l a y e r  

i s  
Ei 1 1 

AS i s  t h e  d i s t a n c e  between mass s t a t i o n s  (Q 2lTR/N), 

i, pi and h are the  d e n s i t y  and th ickness  of  l a y e r  i, respec t ive ly ,  and I i i 
t h e  a r e a  moment of i n e r t i a  of each l a y e r  about t h e  center-of-gravi ty  axis of 

t h e  total  cross sec t ion  divided by the  r i n g  width B, where NRING equals  t h e  

number of l a y e r s  i n  t h e  composite r ing .  

o u t  both t i m e s  and choose a s t a b l e  va lue  for DELTAT i f  t h e  value f o r  DELTAT i s  

set  equal t o  zero i n  Card 1. 

The program w i l l  compute and p r i n t  
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Card 2 

N ,  N R I N G ,  M, MI, M2, I N D  615 

where 

Card 3 

N 

N R I N G  

M 

M1 

M 2 

I N D  

i s  the  number of m a s s  s t a t i o n s  used t o  descr ibe  the  

composite r i n g  (see Fig.  1). This number should be 

evenly d i v i s i b l e  by 4 and cannot exceed 100. 
* 

i s  the  number of layers of d i f f e r e n t  mater ia l  used 

i n  the  composite r ing .  

g rea t e r  than 3 e 

This number cannot be 

corresponds t o  the  computation cycle  number a t  which 

t h e  run i s  t o  s top.  

i s  the  cycle number a t  which regular  p r i n t o u t  i s  to 

begin. 

is t h e  number of cyc les  between regular  p r i n t o u t  

(i.e.,  p r i n t  every M2 cyc le s ) .  

The bond(s) w i l l  be t e s t ed  f o r  f a i l u r e  i f  I N D = l ;  

i f  IND-0, no tests w i l l  be made. 

* *  

315 

where 

NSFL (1) equals  t h e  number of mechanical. sublayers i n  the  

strain-hardening model €or the  first l aye r  and equals 
~ * 

This l i m i t a t i o n ,  and o t h e r s  which follow, apply t o  the  program as l i s t e d  i n  
Appendix B. These l i m i t a t i o n s  may be extended by a l t e r i n g  t h e  va r i ab le  d i -  
mensions i n  the  program. 

I t  i s  assumed t h a t  t he re  i s  an i n e l a s t i c ,  zero thickness  bond between a l l  
l aye r s  i n  t h e  mult i - layer  r ing .  I f  I N D = l  i s  spec i f i ed ,  t he  program computes, 
f o r  each l i n k ,  t he  shear stresses and s t r a i n s  i n  the  circumferent ia l  d i r e c t i o n  
between ad jacent  l a y e r s  and compares them with SFAIL and W A I L  (given on da ta  
card 41, respec t ive ly ,  

** 

74 



t h e  number of coordinate  p a i r s  (a E ) def in ing  

t h e  polygonal approximation of t h e  s t r e s s - s t r a i n  

curve f o r  t h a t  material (see Fig .  5) e The f i r s t  

l a y e r  of t h e  maximum of 3 r i n g  l a y e r s  i s  def ined 

t o  be t h e  i n s i d e  l a y e r  of t h e  r i n g  (see Fig.  1). 

NSFL(1) cannot exceed 5. 

E' R 

NSFL (2)  equals  t h e  number of mechanical sublayers  a t  any 

p o i n t  i n  t h e  second r i n g  l a y e r  (second from t h e  

i n s i d e ) .  

Continue u n t i l  NSFL(NRING1 is  spec i f i ed ,  where NRING i s  t h e  t o t a l  number 

of l a y e r s  i n  t h e  composite r ing .  

I f  I N D  on Card 2 equals  1, Card 4 must be punched. I f  IND=O, go d i r e c t l y  

t o  Card 5. 

Card 4 presents t h e  longi tudina l  s t r a i n  and t h e  shearing stress allowable 

f o r  t he  bonds ( a l l  t h e  bond s t r eng ths  are assumed to be equa l ) .  

Card 4 

AFAIL, SFAIL 2E15.6 

where 

AE'AIL 

SFAIL 

equals  t h a t  va lue  of bond ex tens iona l  s t r a i n  i n  t h e  

c i rcumferent ia l  d i r e c t i o n  a t  which the  bond(s) w i l l  

" f a i l "  ( i n / in )  

equals  t h a t  value of bond shear stress a t  which the  

bond ( s )  w i l l  " f a i l "  ( p s i ) .  

Cards 5 and 6 desc r ibe  t h e  th ickness  and material cons tan ts  f o r  each 

l aye r .  
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Card Sa ( f o r  l aye r  #1) 

4E15 6 

where 

H (1) is  t h e  thickness  of the  f i r s t  l aye r  ( i n )  

RH0 (1) i s  t h e  m a s s  dens i ty  of t h e  f i r s t  l aye r  

(lb-sec / i n  ) 

are t h e  cons tan ts  used i n  the  s t r a i n - r a t e  

formula 

2 4  

f o r  t h e  f i r s t  r i n g  layer  (1); where (D) = (l/sec), 

(J is  the  rate dependent y ie ld  stress of mechani- 

cal sublayer (or subflange) %, and uo is the  

"static" y ie ld  stress of subflange E ,  where 

YE 

11 

(see Ref. 2 ) .  I f  t h e  material i n  r i n g  

layer  1 does not  e x h i b i t  s t r a i n - r a t e  s e n s i t i v i t y ,  

set D l ) = O ,  and leave P ( 1 )  blank. Note t h a t  D and 

P are t r e a t e d  as unchanged f r o m  one mechanical sub- 

l aye r  t o  t h e  next i n  each r i n g  layer .  

ao2 = 

Card G a a ( s t i l 1  f o r  l aye r  #1) 

4E15.6 

where 

make up t h e  f i r s t  coordinate pair of s t r a i n  and stress 

i n  t h e  first r i n g  l a y e r ,  which i s  used t o  de f ine  the  

polygonal approximation of t he  f i r s t  l a y e r ' s  stress- 

s t r a i n  diagram (see Fige  51, The s t r e s s - s t r a i n  d ia -  

gram from which these  va lues  and those following are 

obtained must be upwardly-convex with nonnegative 

s lopes  (E (&, I R )  = i n / in  and (J ( 8 ,  I R )  = l b / i n  1 ,  .where 

I R  refers to r i n g  layer .  

l EPSIL (1,l) 

S PGMA (1,l) 

2 
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make up t h e  second coordinate  pair i n  t he  

f i r s t  l a y e r  

EPSIL ( 2 , l )  

SIGMA ( 2 , l )  

Addi t ional  C a r d s  6ab and 6ac are punched i n  exac t ly  the  same manner as 

Card 6aa u n t i l  t he  number of coord ina te  pairs  equals  NSFL(1) punched on Card 3 

f o r  l a y e r  1. The to ta l  number of coordinate  pairs must no t  exceed 5 f o r  any 

l aye r .  Do n o t  include any unneeded (blank) cards .  

Cards 5 through 6 are repeated f o r  each a d d i t i o n a l  l aye r  i n  the  com- 

p o s i t e  r i n g  u n t i l  t h e  number of sets of ca rds  equals  NRING (given i n  Card 2). 

The to t a l  number of sets of ca rds  must no t  exceed 3 .  

Cards 7 through 9 are used t o  desc r ibe  t h e  i n i t i a l  impulse. 

Card 7 

215 

where 

IOTA 

Nv 

can equal 0, 1, or 2 ,  depending on t h e  type of impulse 

d i s t r i b u t i o n  i n  t h e  r i n g ' s  circumference (see Fig.  2 ) .  

I f  IOTA=O, then - no i n i t i a l  impulse i s  t o  be 

introduced. 

I f  IOTA=l ,  t he  impulse w i l l  be def ined a t  p e r t i n e n t  

mass s t a t i o n s  by de f in ing  appropr ia te  

i n i t i a l  v e l o c i t i e s  of each mass i n  

d a t a  ca rds  8 which follow. 

I f  IOTA=2, an impulse d i s t r i b u t i o n ,  made up of one or 

more local sine-shaped i n i t i a l  v e l o c i t y  

f i e l d s  i s  spec i f i ed .  The peak v e l o c i t y ,  

t h e  angle  of i n c l i n a t i o n  and t h e  number 

of mass p o i n t s  over which each impulse is 

to  be d i s t r i b u t e d ,  i s  spec i f i ed  below. 

I f  IOTA=O, NV is  not  used and can be set = 0 

I f  I O T A = l ,  M I  is  t h e  to ta l  number of masses f o r  which 

t h e  v e l o c i t y  components are t o  be spec i f ied  
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i n  Cards 8a,  8b, ..*. , etc. ( A l l  o ther  

m a s s  p o i n t s  not  spec i f ied  w i l l  have zero 

i n i t i a l  v e l o c i t i e s )  

I f  IOTA=2, NV is  t h e  number of local sine-shaped ve- 

l o c i t y  f i e l d s  to  be spec i f ied  i n  Cards 9a, 

9b, etc. 

If the re  i s  t o  be no impulse i n  the  run,  set IOTA=O, NV-0, and sk ip  

t o  Card 10. 

T f  IOTA=l, then t h e  following N o .  8 c a r d ( s )  must be included: 

Card 8a 

MASSNO, VRAD, VTAN 15,21215.6 

where 

MASSNO is  the  s t a t i o n  (mass po in t )  number a t  which t h e  

ve loc i ty  components VRAD and VTAN a r e  t o  be appl ied.  

VRAD, VTAN are the  r a d i a l  and t h e  t angen t i a l  v e l o c i t i e s ,  

r e spec t ive ly ,  appl ied t o  MASSNO ( in /sec) .  VRAI) i s  

p o s i t i v e  d i r ec t ed  o u t ,  VTAN is p o s i t i v e  d i r ec t ed  

counterclockwise (see Fig. 2 ) .  

Additional cards  (8b, 8c, *.. ) a r e  punched i n  the  same manner u n t i l  t h e  

total  number of cards  specifying the  i n i t i a l  v e l o c i t y  equals NV given i n  Card 7 .  

It is not  necessary t o  list those mass p o i n t s  which have zero i n i t i a l  ve loc i ty .  

Cards 9a, 9b, e - o  are included only i f  IOTA=2 i n  Card 7. 

Card 9a 

MASSES, MSTART, VEEZ, BETA 

where 

MASSES is t h e  number of m a s s  s t a t i o n s  over which the  f i r s t  

sine-shaped impulse i s  to be d i s t r ibu ted .  
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This  number must be odd (see Fig.  2 )  

MSTART 

VEEZ 

BETA 

is  t h e  number of t he  f i r s t  mass i n  the  group over 

which the  sine-shaped impulse i s  t o  be d i s t r i b u t e d  

( i . e e ,  t h e  impulse i s  to  be appl ied  to  mass p o i n t s  

(MSTART) , through and including (MSTART + MASSES - 1) 1 = 

i s  t h e  peak value of t he  sine-shaped impulse d i s t r i b u -  

t i o n  i n  inches per second. Thus t h e  t o t a l  impulse (lb-sec) 

imparted t o  the  r i n g  segment, due t o  t h i s  v e l o c i t y  

d i s t r i b u t i o n ,  w i l l  be: 

i s  t h e  angle  a t  which t h i s  v e l o c i t y  d i s t r i b u t i o n  i s  

appl ied  to  t h e  r i n g  referenced t o  t h e  counterclock- 

w i s e  d i r e c t e d  tangent  i n  degrees  (see Fig.  2 ) .  

Cards 9b, 9c are punched u n t i l  t he  total  number of N o .  9 ca rds  equals  

M I  on Card 17. 

The remaining ca rds  (10 through 15)  spec i fy  t h e  amplitude,  du ra t ion ,  and 

d i s t r i b u t i o n  of  t he  subsequent forc ing  func t ion .  

The ampl i tude(s )  of t he  forc ing  func t ion  (henceforth termed the  nominal 

f o r c e ( s ) ) i s  spec i f i ed  by l i s t i n g  the  coord ina tes  of t h e  fo rces  versus  time 

curves which desc r ibe  the  t ime-his tory of t h e  fo rc ing  funct ion.  The program 

then l i n e a r l y  i n t e r p o l a t e s  between these  p o i n t s  to  ob ta in  the  required fo rce  

va lues  a t  intermediate  incremental  t i m e s .  

Card 10 

TBEGIN, TFINAL I AMPlTY AMP ~ R Z  4E15.6 

where 

TBEGIN are t h e  t i m e s  ( i n  seconds) which def ine  the  beginning 

TFIMAL and t h e  end, r e spec t ive ly ,  of t h e  complete forc ing  3 
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funct ion;  i .e. ,  t h e  complete forc ing  funct ion s t a r t s  

a t  TBEGIN and ends a t  TE'INAL, I f  t h e r e  is  t o  be no 

forc ing  func t ion  during t h e  run ,  set both TBEGIN and 

T F I N A L  equal to  zero.  

a r e  the  i n i t i a l  Y and 2 components, respec t ive ly ,  of 

t he  nominal fo rce  time h i s t o r y  a t  t i m e  TBEGIN, i n  

pounds i f  JOLT on Card l l a  equals  2. I f  JOLT equals  

3 on Card 11. only W l T Y  i s  used ( leave AMPlRZ blank) 

and i s  the  nominal force  time h i s t o r y  on the  s inusoidal-  

shaped fo rce  d i s t r i b u t i o n s .  

Card 10 w i l l  be the  las t  d a t a  card i f  no forc ing  funct ion is to be 

specif ied.  

Card l l a  

I T2, JOLT, AMP2TY, AMP2RZ 1 E15.6, 15, 2E15.6 

where 

T2 i s  the  time of t he  second po in t  t o  be spec i f ied  on the  

nominal fo rce  versus  t i m e  curve i n  seconds (see 

Figs.  3 and 4). 

JOLT on t h i s  card can equal 2 or 3 depending upon the  

method to be used t o  descr ibe  the  d i s t r i b u t i o n  of 

t he  forc ing  funct ion on the  r i n g  during the  time 

lapse  between T2 on this card and T 1  read on Card 10. 

JOL-1 must not  be used on Card l l a .  This is ex- 

plained later. 

a r e  the  nominal fo rce  amplitudes of t he  second 

AMPZRZ po in t  to be spec i f ied .  (I€ JOLT equals  3 ,  only 

AMPZTY is  used) .  
"""1 

The c i rcumferent ia l  force  d i s t r i b u t i o n  r e s u l t i n g  f r o m  t h e  use  of each 

value of JOLT is as follows (see Figs.  3 and 4 ) :  
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I f  JOLT=2, t h e  c i rcumferent ia l  fo rce  d i s t r i b u t i o n  

on t h e  r i n g  is  t o  be spec i f i ed  a t  each 

loaded m a s s  s t a t i o n  by da ta  input  cards  

which fol low t h i s  card (see Cards 13a, 

1313, ... 1 

I f  JOLT=3, the  c i rcumferent ia l  fo rce  d i s t r i b u t i o n  

i s  assumed to  be one or more sine-shaped 

l o c a l  force  d i s t r i b u t i o n s  appl ied t o  the  

r i n g  a t  des i r ed  loca t ions .  

Cards l l b ,  l l c ,  ... , etc. have the  same format a s  l l a  and read suc- 

cess ive  va lues  of T2,  JOLT, AMP2TY, and AMP2RZ. T2,  AMP2TY and AMP2RZ on 

each card g ive  the  coord ina tes  of each succeeding po in t  on the  pressure  versus  

time curve,  and t h e  value of JOLT on each card desc r ibes  t h e  method f o r  de- 

s c r ib ing  the  fo rce  d i s t r i b u t i o n  on the  r i n g  during t h e  time between the  value 

of T2 on t h a t  card and the  value spec i f i ed  on the  previous card.  I f  JOLT i s  

set  equal t o  1 on any card from l l b  on, t h e  program w i l l  use  the  d i s t r i b u t i o n  

given by t h e  l a s t  value of JOLT spec i f i ed .  

I f  JOLT=2 on any No. 11 card ,  then the  following set  of cards  mus t  f o l -  

l o w  d i r e c t l y .  These spec i fy  GTY(MASS) and GRZ(MASS) a t  each loaded mass p o i n t  

(it i s  no t  necessary t o  spec i fy  zero f o r c e s ) ,  where GRZ(MASS) and GTY (MASS) are 

the  ra t ios  of e i t h e r  (a) t h e  r a d i a l  and t angen t i a l  or (b) t he  z and y fo rces ,  

r e spec t ive ly  (depending on the  value o f  NRTYZ given i n  the  following card)  a t  

the  (MASS) m a s s  p o i n t ,  t o  t he  c u r r e n t  nominal fo rce  in t e rpo la t ed  by the  pro- 

gram from va lues  of M4PlTY, AMPlRZ and AMP2TY, AMJ?2RZ given i n  Cards 10 and 

l l a ,  b, -.. a The va lues  of GRZ and GTY are henceforth termed "the normalized 

values  of force" a t  each loaded m a s s  s t a t i o n .  

Card 1 2  

where 

NOF 

215 

i s  t h e  number of mass s t a t i o n s  on the  r ing  a t  which 

f o r c e s  are t o  be spec i f i ed  ( a l l  m a s s  s t a t i o n s  not 
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spec i f i ed  w i l l  have zero fo rces )  

NRTY Z 

Card(s)  13a,  b,  . . *  

should be set equal  to 2 i f  va lues  of FZ and FY are 

t o  be read in .  
va lues  of r a d i a l  and t a n g e n t i a l  f o r c e s  are t o  be 

read i n .  

NYZRT should be set  equal t o  1 i f  

CIASSNO, GTY (MASSNO) , GRZ (MASSNO) 15,2E15.6 

where 

MASSNO is  t h e  m a s s  s t a t i o n  number a t  which t h e  f o r c e s  are t o  

be appl ied.  

GTY (iMASSN0) I f  NRTYZ equals  1, GRZ and GTY are the  normalized 

GRZ (MASSNO) va lues  of fo rce  with respect t o  AMP2TY and AMP2RZ 

given i n  Card 11 i n  the  r a d i a l  and t a n g e n t i a l  d i r ec -  

t i o n s ,  r e spec t ive ly  a t  t he  MASSNO m a s s  po in t .  Radial  

i s  p l u s  outwards, t angen t i a l  i s  p l u s  i n  t h e  counter- 

clockwise t angen t i a l  d i r e c t i o n  (see Fig.  3b ) .  If 

NRTYZ equals  2 ,  then GRZ and GTY are the  normalized 

va lues  of fo rce  with respect t o  AMP2TY and AMP2RZ 

given i n  Card 11 i n  t h e  z and y d i r e c t i o n s ,  respec- 

t i v e l y ,  ac t ing  upon the  (MASSNO) mass s ta t ion .  

Cards 13b, c,  ... are repeated u n t i l  t he  to ta l  number of N o .  13 cards  

equals  NOF given i n  Card 12.  

I f  JOL-3 on any No. 11 card ,  then t h e  following set of ca rds  must 

fol low d i r e c t l y .  These spec i fy  the  l o c a l  sine-shaped fo rce  d i s t r i b u t i o n s  

i l l u s t r a t e d  i n  Fig.  4. 
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Card 1 4  

15,E15.6 

where 

NUMS 

Card 

RPM 

15a 

i s  t h e  t o t a l  number of sine-shaped d i s t r i b u t i o n s  which 

are to  be spec i f i ed .  

i s  t h e  r evo lu t ions  per minute, p o s i t i v e  i n  t h e  counter- 

clockwise d i r e c t i o n ,  a t  which a l l  t he  sine-shaped forc-  

ing  func t ions  a r e  t r ave l ing .  I f  the  forc ing  func t ions  

are s t a t i o n a r y  with time on the  r i n g ,  set RPM=O.O. 

NSTAT, MASSN, ANGL, RATIO I 

where 

NSTAT 

MASSN 

ANGL 

RATIO 

215, 2E15.6 

i s  t h e  f i r s t  m a s s  s t a t i o n  a t  the  beginning of the  f i r s t  

forc ing  func t ion  (see Fig.  4 ) .  I f  W M ,  spec i f ied  on 

Card 1 4 ,  i s  nonzero, then t h e  forc ing  func t ion  pos i t i on  

w i l l  s t a r t  a t  NSTAT, where t h e  pulse  t r a v e l  d i s t ance  i s  

based on elapsed t i m e  from the  time a t  which JOLT=3 i s  

f i r s t  used. 

i s  t h e  number of masses over which the  f i r s t  s ine-  

shaped fo rc ing  func t ion  i s  d i s t r i b u t e d .  This number 

must be odd, 

i s  t h e  angle  between t h e  eXteKnally-applied fo rce  r e su l -  

t a n t  vec tor  and t h e  counterclockwise-directed tangent  

(see Fig.  4 ) ,  i n  degrees.  

i s  t h e  ra t io  of t h e  total  external ly-appl ied fo rce  

( t o  be s ine -d i s t r ibu ted )  to  t h e  cu r ren t  value of 

nominal f o r c e  in t e rpo la t ed  by t h e  program from values  

of AMPlTY and AMP2TY given i n  Cards 10  and l l a ,  b, 
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Thus using RATIO and AMPlTY, AMPZTY, e tc , ,  one speci- 

f i e s  t he  total  f o r c e  ac t ing  on t h e  r i n g  and the  pro- 

gram d i s t r i b u t e s  t h i s  i n  a ha l f - s ine  fashion.  

Cards 15b, 15c,  ... are punched i n  t h e  same manner u n t i l  t h e  total  

number of N o .  15  ca rds  equals  NUMS on Card 14. 

There i s  no l i m i t  t o  t h e  number of N o .  11 ca rds  t h a t  can be used when 

specifying the  t o t a l  fo rc ing  func t ion  by coord ina tes  of t h e  f o r c e  versus  time 

curve. However, it i s  important t h a t  t h e  f i n a l  N o .  11 card  spec i fy  t h e  nominal 

fo rce  a t  a time equal t o  or g r e a t e r  than TFINAL spec i f i ed  on Card 10, o ther -  

w i s e  computation w i l l  stop and an error message w i l l  be p r in t ed  o u t  s t a t i n g  

t h a t  f u r t h e r  fo rce  data is  required. 

B.2.2 Input  f o r  Special  Cases of t h e  General 

S t r e  ss -S t ra in  Rela t ions  

I n  t h e  following, which apply to each l a y e r  i n  the  composite r i n g ,  t h e  

s p e c i f i c  d a t a  f o r  three s p e c i a l  cases of  t h e  genera l  e l a s t i c ,  s t r a i n  hardening 

c o n s t i t u t i v e  r e l a t i o n  handled by the  computer program are given. Only t h e  

r e l evan t  d a t a  are noted: 

Purely Elastic C a s e  

S e t  NSFL(layer)=l on Card 3 ,  and make EPSIL(1,layer) and 

SIGMA(1,layer) s u f f i c i e n t l y  high so that  no plast ic  deforma- 

tion' occurs;  f o r  example, 

EPSIL(l , layer)= 1.0, SIGMA(l,layer)=E(layer) 

Elastic, Per fec t ly-Plas t ic  Case 

S e t  NSFL(layer)=l on Card 3 and make EPSIL(l , layer)= 

SIGMA(l,layer)/E(layer) on Card 6. 

Elastic,  Linear Strain-Hardening C a s e  

S e t  NSFL(layer)=Z on Card 3 and set 

EPSIL(1, l a y e r ) =  SIGMA(l,layer)/E1 ( l aye r )  

A l s o  EPSIL(2,layer) and SIGMA(2,layer) on Card 6 are taken 

s u f f i c i e n t l y  high i n  order  t o  avoid plastic deformation i n  
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t h e  second subflange. For example, EPSIL(2,1ayer)=leO, and 

SIGMA ( 2 ,  l a y e r )  =1 -EPSIL ( 2 ,  l a y e r )  /E ( l aye r )  + SIGMA (1, l a y e r )  . 
2 

B.3 Output 

The p r in t ed  output  begins with a p a r t i a l  r e i t e r a t i o n  of t h e  program input  

which i d e n t i f i e s  the  problem solved. The information presented v a r i e s  with the  

type of problem analyzed. Example outputs  are presented a t  t he  end of t h i s  

appendix i n  Subsections B.6 .1 .2 ,  B . 6 . 2 - 2 ,  and B.6 .3 .2 .  

After  t h e  i n i t i a l  p r i n t o u t  has been completed, t h e  following information 

i s  p r in t ed  o u t  ( t h i s  i s  done before  the  first cyc le  (J=O), a f t e r  cyc le  M 1  has 

been completed, and a t  every M2 cyc le  t h e r e a f t e r :  

J = [Jl TIME = [TIME] 

TOTAL ENERGY INPUT ( in- lb)  = [CINETT] 

KINETIC ENERGY ( in- lb)  = [CINET] 

ELASTIC ENERGY ( in- lb)  = [ELASTI 

PLASTIC WORK ( in- lb)  = [PLASTI 

The f o r c e  d i s t r i b u t i o n  during t h i s  cyc le  i s  [. . . I  

I V W N M STRAIN STRAIN 
( i n )  (out )  

1 

2 

N 

where 

J = Cycle number 

TIME = Elapsed time corresponding t o  t h e  end of cyc le  J 
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* 
CINETT = T o t a l  work done by t h e  impulse and subsequent fo rc ing  

func t ion  on the  e n t i r e  r i n g  ( in- lb)  

CINET = The c u r r e n t  va lue  of k i n e t i c  energy p resen t  i n  the  r i n g  

( inc ludes  both t h e  r i g i d  body and r e l a t i v e  k i n e t i c  

energ ies )  

ELAST = Elast ic  s t r a i n  energy, energy s to red  i n  t h e  e n t i r e  

r i n g  ( in- lb)  
*a 

PLAST = P l a s t i c  work done on e n t i r e  r i n g  ( in- lb)  

I = Mass p o i n t  s t a t i o n  number 

V = The y-location V of t h e  i t h  mass p o i n t  i n  i' * 
i n e r t i a l  space ( i n )  

W = The z- locat ion,  Wi, of t h e  i t h  m a s s  po in t  i n  
* 

i n e r t i a l  space ( i n )  

= Axial fo rce  N i n  t h e  i t h  l i n k  ( lb)  

i 

i 
N 

M = Bending moment M a t  the  i t h  m a s s  po in t  

s t a t i o n  ( in- lb)  

S T R A I N ( I N 1  = S t r a i n  on t h e  inner  su r face  of t h e  r i n g  a t  t h e  i t h  

mass p o i n t  s t a t i o n .  

STRAIN(0UT) = S t r a i n  on the  ou te r  sur face  of t h e  r i n g  a t  t h e  i t h  

m a s s  p o i n t  s t a t i o n .  

* 
The coord ina tes  V and W of t h e  mass s t a t i o n s  are measured from t h e  o r i g i n a l  

(time = 0) cen te r  of mass p o s i t i o n  of t h e  r ing .  CINETT inc ludes  both t h e  
energy input  i n t o  the  r i n g  (such as elastic energy r e l a t i v e  to  k i n e t i c  energy 
and plast ic  energy) and t h e  energy used t o  a c c e l e r a t e  the  " r ig id  body" m a s s  of 
t he  r i n g  i n  the  i n e r t i a l  coordinate  system. 

The p las t ic  work absorbed by t h e  r i n g  is  estimated by sub t r ac t ing  the  sum of 
t h e  elastic and k i n e t i c  energ ies  p re sen t  i n  t h e  r i n g  f r o m  the  total  inpu t  en- 
ergy (due to the  impulse and subsequent forc ing  func t ion ) .  It should be men- 
t ioned t h a t  the  approximate na ture  of t h i s  numerical c a l c u l a t i o n  w i l l  s o m e t i m e s  
y i e ld  impossible r e s u l t s  such a s  negat ive va lues  of plastic work or va lues  
g r e a t e r  than zero when t h e  r i n g  has n o t  y e t  reached a plastic condi t ion;  thus  
the  va lue  of plast ic  work should be considered only  approximate, and spurious 
r e su l t s  as noteu dLwG =.muid be ignored, 

** 
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Aste r i sks  are p r in t ed  to t h e  r i g h t  of t he  s t r a i n  p r i n t o u t  corresponding 

t o  the  composite r i n g  l a y e r  number whenever plast ic  y ie ld ing  occurs  i n  any of 

t he  con t ro l  s t a t i o n  mechanical subflanges i n  t h e  l aye r  a t  that s t a t i o n .  T ' s  

and S ' s  are a l s o  p r in t ed  t o  denote bond f a i l u r e  i n  tens ion  and shear ,  re- 

spec t ive ly ,  when I N D  i s  set equal t o  1. 

A t  t he  conclusion of each run,  a s ta tement  FIRST Y I E L D I N G  AT TIME = 

i s  p r in t ed  o u t ,  

ever to  occur during the  response.  A t  t h a t  t i m e ,  a p r i n t o u t  of t h e  above- 

i l l u s t r a t e d  kind i s  made (independent of t he  va lues  of M1 and M2). I f  t h e  

response i s  pure ly  e l a s t i c ,  no such s ta tements  or p r i n t o u t s  are made. Similar  

p r i n t o u t s  are made for t h e  i n i t i a l  bond shear stress f a i l u r e  and t h e  bond ex- 

t ens iona l - s t r a in  f a i l u r e  times when I N D  i s  se t  equal t o  1. 

This  s ta tement  g ives  t h e  t i m e  of t h e  f i r s t  p l a s t i c  deformation 

B.4 P a r t i a l  L i s t  of Variable  Names Used i n  t h e  JET 2 Program 

SYMBOL DESCRIPTION 

ADDENl  

W A I L  

AITCH (K) 

I AMPlTY 

AMPlRZ 

AMP 

ASFL (L , I R )  

B' 

BIGM (I) 

B I G N  (I) 

C1 ( I R )  

Work done on r i n g  by ex te rna l  f o r c e ( s )  during cu r ren t  
cycle .  

Cr i t i ca l  value of bond s t r a i n  which w i l l  cause longi-  
t u d i n a l  bond f a i l u r e .  

Weighting f a c t o r s  (W.) used i n  Gaussian Quadrature 
3 

method f o r  eva lua t ing  t h e  stress and moment r e -  

s u l t a n t s  (see Appendix A ) .  

I n i t i a l  nominal f o r c e  amplitudes i n  the  t angen t i a l  

and r a d i a l  or the  y and z d i r e c t i o n s ,  r e spec t ive ly .  

Current t o t a l  i n t e rpo la t ed  va lue  of t he  r e s u l t a n t  

nominal f o r c e  amplitude 

S t r e s s  weighting f a c t o r  of Lth subflange i n  IRth l aye r  

Width of r i n g  

Bending moment a t  t h e  I t h  m a s s  s t a t i o n  

The long i tud ina l  f o r c e  a t  t he  I t h  mass s t a t i o n  

Young's Modulus of  t he  IRth l a y e r  divided by the  

o r i g i n a l  l i n k  l eng th  
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DELTAT squared d iv ided  by the  segment mass c2 

C5 ( I R )  

C6 ( I R )  

CINETO 

CINET 

CINETT 

C@ST (I 1 

CZETA(KNF) 

D ( I R )  

DDS(1) 

DDTH ( I ) 

DDV (I) 

DDW (I) 

DELTl 

DELT2 

DELTAT 

DS (1) 

DSN 

Equals l.O/P(IR) i f  t h e  material i n  the  IRth l a y e r  

i s  strain-rate dependent 

Equals 1 . O/ (D ( I R )  *DELTAT*E (1, I R )  ) 

I n i t i a l  to ta l  k i n e t i c  energy of r i n g  

Kine t ic  energy of t h e  sum of a l l  the  masses i n  the  

composite Xing during t h e  J t h  cyc le  

Total work done by a l l  ex te rna l  fo rces  and loadings 

up t o  t h e  J t h  cyc le  

Cosine of t h e  angle each l i n k  makes with t h e  y-axis 

Equals E (1, IR*ZETA(KNF)/DSO used to c a l c u l a t e  stresses 

due t o  bending, where KNF r e f e r s  t o  f lange  number 

Constant used i n  s t r a i n  rate formula, B3,  f o r  t he  

IRth l a y e r  

C i rc*mfe ren t i a l  change i n  t h e  l eng th  of the  I t h  l i n k  

during the  J t h  cyc le  

Incremental change of t h e  angle  between t h e  I t h  and 

t h e  I t h + l  l i n k s  during t h e  J t h  cyc le ,  (+) i f  r i n g  

bends t o  increase r i n g  curva ture  

Elongation of t h e  I t h  l i n k  i n  t h e  hor izonta l  (y) 

and vertical  (2) d i r e c t i o n ,  r e spec t ive ly ,  during 

t h e  J t h  cyc le  

2T/N 

T h e  in te rva l  per cyc le  

Current  length  of t h e  I t h  l i n k  

Total stress on the KNFth flange for t h e  Pth mass 

due to both ax ia l  and bending strains 



I n i t i a l  l i n k  length  DS 0 

DTH (I) 

DTX (I) 

E (L, I R )  

EH (L , I R )  

EHBIG 

E 1  

ELAST 

EPSI (I) 

EPSIL (L ,  I R )  

EPS@N (I) 

ECKS (K) 

T o t a l  l i n k  bending angle  (curva ture)  summed from 

t i m e  = 0 between the  I t h  and t h e  I t h + l  l i n k s  

Change i n  angle  the  I t h  l i n k  makes with the  hor izonta l  

from one time cyc le  t o  the  next.  Pos i t i ve  i f  l i n k  ro- 

ta tes  counterclockwise 

Incremental change i n  p o s i t i o n  of t he  I t h  mass po in t  

i n  the  hor izonta l  (y)  and ver t ica l  ( z )  d i r e c t i o n  

( r e spec t ive ly )  during the  J t h  cyc le  

Young's Modulus of t h e  Lth subflange i n  t h e  IRth l a y e r  

Young's Modulus times the  th ickness  of the  IRth l aye r .  

Used t o  c a l c u l a t e  t h e  number o f  f l anges  requi red  per  

l aye r .  

Maximum value  of E (1 , I R )  * H ( I R )  of a l l  t he  l a y e r s  i n  

t h e  composite r i n g  

Sum of  Young's Modulus times t h e  moment of i n e r t i a  of 

a l l  t h e  l a y e r s  i n  t h e  composite r i n g  

Total e las t ic  energy p resen t  i n  t h e  composite r i n g  

during the  J t h  cyc le  

S t r a i n  on t h e  inner  sur face  of t h e  composite r i n g  a t  

t h e  I t h  m a s s  s t a t i o n  

Abscissa of t h e  s t r e s s - s t r a i n  curve f o r  t he  Lth 

subflange i n  the  IRth l a y e r  

S t r a i n  on t h e  ou te r  sur face  of t h e  composite r i n g  

a t  t h e  I t h  mass s t a t i o n  

Distance cons tan ts  x used i n  Gaussian quadrature  

method f o r  eva lua t ing  stress and moment r e s u l t a n t s  

(see Appendix A ) .  

j 
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HSUM 

HRH% 

I 

IaTA 

I N D  

I R  

J 

JBEGIN 

JaLT2 

J a L T  

LASTPR 

MAD 

MWRITE 

NPUNCH 

External fo rce  ac t ing  on t h e  I t h  mass segment i n  the  

horizontal  and v e r t i c a l  d i r e c t i o n ,  respec t ive ly .  

Thickness of the  IRth layer  

Half t he  thickness  of t he  IRth l aye r  

Distance from the  inner  sur face  to t h e  center  of 

g rav i ty  of t he  composite r i n g  

Distance from the  inner  sur face  of t he  r i n g  t o  the  

KNFth f lange  

Sum of a l l  the  layer thicknesses  = t o t a l  thickness  

of t h e  composite r i n g  

Thickness times the  dens i ty  of t he  IRth l aye r  

Subscr ipt  r e f e r r i n g  t o  m a s s  s t a t i o n  

Used t o  spec i fy  type of i n i t i a l  impulse 

If I N D  equals  one, program w i l l  t e s t  f o r  bond f a i l u r e  

Subscr ipt  r e f e r r i n g  t o  r i n g  l aye r  

Current cyc le  number 

Cycle number during which the  forcing funct ion begins 

to act  

Dummy va r i ab le  equal t o  the  l a s t  value of J$LT 

given, o ther  than 1 

U s e d  to  spec i fy  the  pressure d i s t r i b u t i o n  funct ion 

over t he  r i n g  sur face  

Value of J@LT o ther  than 1 that  w a s  l as t  p r in t ed  

Equal 1 means fo rces  are ac t ing ;  equal 2 means not  

ac t ing  

Numbers f o r  t h e  d a t a  inpu t  tape u n i t ,  p r in t ed  output  

tape u n i t  and the  punched output  tape u n i t ,  re- 

spec t ive ly ,  These names must be assigned numbers i n  
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M 

MRIP 

MSNAP 

MTAPE 

MYIELD 

M 1  

M 2 

M 3  

N 

NB@ND 

NFL 

NGIVEN 

N H a L F  

NREAD 

NRING 

NSFIR 

NSFL ( I R )  

NSNAP 

MAIN corresponding to  t h e  u s e r ' s  computing f a c i l i t y  

requirements 

Cycle a t  which run  is to  s top  

Cycle during which f i r s t  bond shear f a i l u r e  occurred 

Cycle during which f i r s t  l ong i tud ina l  bond f a i l u r e  

occurred 

The p r in t ed  output  tape u n i t  name; t h i s  must be 

assigned a number ( i n  DESI) according t o  t h e  u s e r ' s  

computing f a c i l i t y  

The cyc le  during which f i r s t  y ie ld ing  occurred 

Cycle a t  which r egu la r  p r i n t i n g  starts 

P r i n t o u t  w i l l  occur every M2 cyc le s  

M 3  g r e a t e r  than zero s i g n i f i e s  a cont inua t ion  run  

Tota l  number of m a s s  p o i n t s  i n  t h e  r i n g  

Number of bonds i n  composite r i n g  = NRING - 1 

T o t a l  number of con t ro l  s t a t i o n s  used i n  each 

l a y e r  which forms the  composite r i n g  

A v a r i a b l e  equal to  t h e  value of JOLT, o the r  than 1, 

l a s t  read 

N/ 2 

- 

Dummy v a r i a b l e  which c o n t r o l s  t h e  reading-in of 

force-time d a t a  

Total number of l a y e r s  i n  t h e  composite r i n g  

Total number of subflanges i n  each f l ange  i n  the  

IRth l a y e r  

C a l l s  PRINT i n  MAIN when the  f i r s t  bond tens ion  

f a i l u r e  occurs  
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NRIP 

NYIELD 

N 1  

N 2  

P ( I N  

PLAST 

PULSEN 

Q(1) 

R 

RHCG 

SFAIL 

SIGMA (L, I R )  

S I N T ( 1 )  

SNAP(NB,I )  

C a l l s  PRINT i n  M A I N  when the  f i r s t  bond shear  

f a i l u r e  occurs  

A dummy va r i ab le  which calls  PRINT when 

y ie ld ing  f i r s t  occurs  " 

N + 1  

N 

Constant used i n  s t r a i n - r a t e  formula, Eq. B.3 f o r  

t he  IRth l aye r  

Total  p l a s t i c  work done up t o  Jth cycle  

Tota l  work done by ex te rna l  fo rces  on the  semi-ring 

up to the  J t h  cycle  

Shear fo rce  ac t ing  on t h e  I t h  m a s s  

Distance from t h e  r i n g ' s  cen te r  to  i t s  unde- 

formed inner  sur face  

Distance from t h e  center  of t h e  r i n g  to  t h e  unde- 

formed composite r i n g ' s  c ross -sec t iona l  cen ter  

of g r a v i t y  (see Fig.  1) 

Density of t h e  material used i n  the  IRth l a y e r  

P r i n t s  o u t  an "S" when t h e  shear stress i n  t h e  

NBth bond a t  the  I t h  mass s t a t i o n  exceeds a 

spec i f i ed  value 

Critical value of bond stress which w i l l  cause 

bond shear f a i l u r e  

Ordinate of the  s t r e s s - s t r a i n  curve f o r  t he  Lth 

mechanical sublayer i n  t h e  IRth l aye r  

Sine of t h e  angle  t h e  I t h  l i n k  makes with t h e  

y-axis 

P r i n t s  o u t  a "T" when the  longi tudina l  s t r a i n  i n  

t h e  NBth bond a t  t h e  I t h  mass s t a t i o n  exceeds a 
specified value 
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SNDS 

S N O  (L,  I R )  

SNY 

SNI (K, I R ,  I )  

STRANE 

TB 

TBEGIN 

TFINAL 

TEST 

THETA 

TIME 

T1,  T2 

XTRA (1 00) 

YIELD 

ZETAB 

S t r e s s  on the f l anges  of the  IRth r i n g  due t o  axial 

s t r a i n  

Yield stress of t h e  Lth subflange i n  t h e  IRth l aye r  

Yield stress taking s t r a i n - r a t e  e f f e c t s  i n t o  account 

Stress on t h e  Lth mechanical sublayer i n  the  KKth 

f l ange  of t h e  IRth l a y e r  a t  t h e  I t h  mass s t a t i o n ,  

where K = (KK-l)*NSFIR + L 

The c u r r e n t  e longat ion of t he  I t h  l i n k  

Shear f o r c e  on t h e  NBth bond a t  t he  I t h  s t a t i o n  

T imes  when overall forc ing  func t ion  starts ac t ing  

and stops ac t ing ,  r e spec t ive ly  

Bond shear  stress between the  IRth and IRth + 1 

l a y e r s  a t  t h e  I t h  mass s t a t i o n  

Angle of  t h e  I t h  i n i t i a l  mass r a d i u s  with r e s p e c t  

t o  t h e  z-axis 

Current  t i m e  (= J*DELTAT) 

T imes  a t  which a s t r a i g h t  l i n e  segment of t he  

fo rce  ve r sus  t i m e  curve starts and s tops  a c t i n g ,  

r e s p e c t i v e l y  

Horizontal  and v e r t i c a l  d i s t ance  from the  z-axis 

and y-axis t o  I t h  mass po in t ,  r e spec t ive ly  

Extra  l o c a t i o n s  reserved i n  blank common f o r  

convenience purposes 

Con t ro l s  whether a blank or  a s t e r i s k  i s  p r in t ed  

according t o  an elastic or strain-hardened 

con t ro l - s t a t ion  condi t ion ,  r e spec t ive ly  

Distance from the  composite r i n g ' s  cen te r  of 

g r a v i t y  to  t h e  NBth bond 
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ZMP Mass per u n i t  l ength  of circumference of t he  com- 

p o s i t e  r i n g  times R 

The ca lcu la ted  values  of DELTAT based on t h e  

longi tudina l  and lateral  v ib ra t ion  

B.5 FORTRAN I V  Program Lis t ing  f o r  JET 2 

The following program and subrout ines  are l i s t e d  i n  t h i s  subsection 

i n  the following order  : 

1. "TET 2 MAIN Program 

2. IDENT 

3 .  IMPULS 

4. FORCE 

5. STRESS 

6. STRAIN 

7 .  EQUIL 

8. PRINT 
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1 A F Q F E / 6 3 k  C I R C I J L A R  V l l L T  1-1 A Y E R E O  R I? IG 3 I T P  Tt-E F' ;LLrJkI  MG P A ? A  
2ME T F R  S a -  / 
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B.G I l l u s t r a t i v e  Examples 

The following three examples are presented t o  assist the  user  i n  check- 

ing the  adapta t ion  of JET 2 to  h i s  computer f a c i l i t y .  

B.6.1 Example 1: A Single-Layer Ring wi th  a Simplif ied 

Local Space-Sinusoidal Forcing Function 

I n  t h i s  example, a 7.3375-inch midsurface r ad ius ,  0.125-inch t h i c k ,  

6061-T6 s ingle- layer  aluminum r i n g ,  1.0-inch long i s  ac ted  upon by a timewise 

t r iangular ly-shaped fo rc ing  func t ion  l a s t i n g  400 psec with a peak value of 

l i 3 , O O O  pounds a t  t = 200 psec ac t ing  a t  an angle  of 2 1 O  t o  t he  l o c a l  tangent .  

The t o t a l  fo rce  i s  assumed t o  be d i s t r i b u t e d  over a 25’ segment of the  r i n g  

with i t s  amplitude def ined  by t h e  shape of a ha l f - s ine  wave over t h i s  s e c t o r .  

The s t r e s s - s t r a i n  curve f o r  6061-T6 aluminum can be approximated by 

the  following s t r e s s - s t r a i n  coordinates  (0,E) : ( 0  ps i ,  0 i n / in )  ; (42,000, 

.00425); (50,000, ,030) ;  and (65,000, .140).  S t r a in - r a t e  e f f e c t s  a r e  con- 

s idered t o  
4 i n  . 

The 

The 

smaller of 

-3 2 
be neg l ig ib l e ,  and t h e  d e n s i t y  i s  taken to  be 0.25 x 10  (lb-sec ) /  

number of m a s s  p o i n t s  t o  be used t o  desc r ibe  the  complete r i n g  i s  

incremental  time i n t e r v a l  AT f o r  t h i s  run  i s  obtained by using the  

the  t w o  c r i t i c a l  t i m e s  from E q s ,  B1 and B2.  These are ca lcu la ted  

C 

Since AT 

compared with i n s t a n t s  corresponding t o  the  framing rate of the  NAPTC high- 

speed camera is  des i r ed ;  t hus ,  AT = -30 x 1 0  sec i s  chosen, which means 

t h a t  every 10  program c y c l e s  w i l l  be equiva len t  to  each camera frame ( t h a t  i s ,  

is t h e  smaller of t h e  two, a value less than t h i s  and easily Long 

-5 
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a t  30 psec spacing) .  Let t h e  program c a l c u l a t e  240 cyc les  (.000720 seconds);  

p r in t -out  i s  des i red  a t  10  cyc les ,  and every 10 cyc le s  t h e r e a f t e r ,  

B.6.1.1 Input  Data 

The va lues  t o  be punched on the  da t a  cz rds  are as follows: 

Card 1 

R = +0.727500E+01 (Radius t o  inner  surface) 

B = +0.100000E+01 

DELTAT = +0.300000E-05 

Card 2 

N = 72 

NRING = 1 

H = 240 

141 = 10 

M2 = 1 0  

IND = 0 (no bonds to  test) 

Card 3 

NSFL(1) = 3 

Card 4 is not  used since I N D  = 0 

Card 5 

H = +Oe125000E+00 

RHO = +0,250000E-03 

D = +O.OOOOO0E+OO S t ra in - r a t e  e f f e c t s  are con- 

P = +O.OOOOOOE+O0 sidered to be neg l ig ib l e  

Card Gaa 

Format 

3E, 15 -6 

615 

15 

EPSIL(1,1) = +0.425000E-02 

SIGMA(1,1) = +O,42500OE+05 

EPSIL(2,l) = +0.300000E-01 

SIGMA(2,l) = +0.500000E+05 
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Card 6ab 

Format 

2E15 6 

EPSIL(3,l) = +0.140000E+00 

SIGMA(3,l) = +0.650000E+05 

Card 7 

no i n i t i a l  impulse loading 

i s  spec i f i ed  1 IOTA = 0 

Nv = o  

Cards 8 and 9 are no t  required s ince  IOTA = 0 

Card 10  

T o t a l  f o rc ing  func t ion  

lasts 400 Vsecs 

Forcing func t ion  has zero 

amplitude a t  t = 0 

TBEGIN = +O.OOOOOOE+OO 

TFINAL = +0.400000E-03 

AMP1 = +O. 000000E+00 

Card l l a  

215 

3E15 6 

E15.6 ,I5, 
E15.6 

T2 = +O. 200000E-03 

JOLT = 3 

AMP2TY = +0.100000E+05 

Cards 1 2  and 13 are not  used s ince  JOLT = 3 

Card 14 I5 ,E15.6 

NUNS = 1 (only one s i n e  d i s t r i b u t i o n  i s  spec i f i ed )  

RPM = +0.000000E+00 ( t h e  d i s t r i b u t i o n  does n o t  move with time) 

Card 15 215,2E15.6 

NSTAT = 35 ( s t a r t  of t h e  forc ing  func t ion  d i s t r i b u t i o n )  

PIASSN = 5 
ANGL = +O. 210000E+02 ( i n c l i n a t i o n  ang le ,  deg) 

RATIO = +0.100000E+01 

Card l l b  

T2 = +0.4OOOOOE-O3 

JOLT = 1 ( r epea t  last  d i s t r i b u t i o n )  

ANPZTY = +O. OoooooE+OO 
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The i n p u t  d a t a  deck for  t h i s  example problem should appear a s  follows: 
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13.6.1.2 Solut ion Output for Example 1 

The s o l u t i o n  output  f o r  t h i s  example i s  as follows: 

I\tJMCIFR OF L P Y F R S  L S E ?  I N  R I N G  CFCISS S E C T I C N  = 1 

4 - M J M O f - R  CF C C h T R O L  S T A T  I C N S  [ J S E O  IN L A Y E R  1 - 

NIJMREP C F  F4ECHFN I CAL 7 I l n L A Y F Q  S A T  E A C H  
3 - C C M T S C L  S T ~ T I C N  r i v  L A Y E R  L - 

Ce 12500 - T H I C K N E S S  C F  LAYFR 1 - 

T H E R E  IS hO I N I T I A L  I M P U L S E  
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I 

1 
2 
3 
4 
5 
6 
1 
e 
9 

10 
11 
12 
1 3  
1 4  
15  
1 6  
17 
18 
19  
20 
2 1  
22 
2 3  
24 
25 
26 
2 1  
78 
29 
30  
3 1  
32 
33 
34  
35 
36 
3 1  
38  
39 
4 0  
4 1  
4 2  
4 3  
4 4  
45  
46 
4 7  
4 8  
49  
50  
5 1  
5 2  
53 
5 4  
55 
56 
57  
5 8  
59 
6 0  
61  
6 2  
43  
6 4  
45 
66 
6 1  
6 8  
6 9  
10 
1 1  
7 2  

J= 0 T I C € =  0,O 
T O T A L  ENERGY I Y P l l T  ( I N e - L q e )  = 300 

K I N E T I C  ENERGY I I N ~ A - L R D I  = 0.0 
E L A S T I C  ENERGY ( I N - - L R e  I = 0 e0 
P L A S T I C  kORK f I N e - L ! 3 . 1  = o* 0 

T h E  N O C I N A L  CORCE P M P L I T U W  D U R I N G  T H I S  C Y C L E  I S  0.0 L B S  

THE FORCE D I S T R I R U T I G N  D U R I N G  T Y t S  C Y C L E  
I S  C C M F C S E O  OF O N E  OR YORF S I N F  S H A P E D  F 9 R C . E  D I S T R I R U T I O N S  

ACTIFrG AT S P E C I F I E C  L C C A T I C r J S  ON Tl-E R I Y G  

v 

0.3201 

1.588 1 
Or 951 7 

2.2064 
2. 8615 
3.3881 
3.9424 
4,4668 
4.9571 
5.4C9f 
5,8212 
6,1884 
E. 5CF4 
6.1790 
6.9'i79 
7.1636 
1.2741 
1.3305 
7.3305 
7.2147 
1.1636 
b.9979 
6.71 90 
6. 5C84 
6.1484 
5.4212 
5.4C98 
4.5511 
4.4668 
3.9424 
3.3881 
2.8079 
2,2064 

0.9577 

-0.320 1 
-C. 5 5 1 7  
-1.5881 
-2.2064 

-3.3881 
-3.5424 
-4e46E8 
-4.9571 - 5.4C9B 
-5.8212 
-6.1P84 
-6 5C84 
- h e  7190  
-6.9919 
-7.1636 
-1.2741 - 7.3305 
-793385 
-7.2747 
-7.1636 
-6.9910 
-6.7790 
-6* 5 C 8 4  
-he  l o f 4  

1.588 1 

0.3 201 

-2 .  8075 

-5.821 2 - 5 . 4 ~ 5 8  
-4,9571 
-4.4668 
-3.s424 
-3,3881 
-2. 8 0 1 $  
-2e20C 4 
-1.5881 

-0.3201 
-0.9577 

W 

-7.3395 
-1.214l 
- 7 e l t 3 6  
-6.9979 
-6.77QC 
- c . 5 c e 4  
-6.1884 
-5eE212 
-5.4098 
-4.9511 
-4.4668 
-3rQ424  
-3.3881 
-2.8C 79 
-2 -2064 
-1.5P81 
- re9578  
- C .  3201 

C.3201 
0.9578 
1.5381 
2.2064 
2.BC79 
3.3881 
3.9424 
4.4668 
4.9571 
5.4093 
s e e 2 1 2  
6.1884 
6.5Cf?4 
6.1700 
6.9919 
1.1636 
1.2741 
7.33 c5 
7.3305 
7.2747 
7.1C36 
6.9979 
6.7790 
.6 e 5c 84 
e. 1884 
5. E212 
5 e4098 
4.9511 
4.4668 
3.9424 
3.3881 

2.2C64 
2.8079 

1e5PR1 
Caq578 
c.1201 

-c.3201 
-Ce 957R - 1.588 1 
-2 (I 2 064 

- 3 a 3 P Q l  
-3.9424 
-4r4660 
-4.9571 
-5,4098 
-5.8212 
-6.1884 
-60 50 84 
-6e779C 
-6.9$79 
-7.1636 
-7,2147 
-7.3305 

-2. C C  i 9  

N 

0.0 
0.0 
c. c 
0.3 
0.0 
0.0 
0.7 
0. c 
0.C 
0.0 
c. c 
0.0 
0. 0 
0. c 
0.0 
0. c 
0. c 
0.0 
0. C 
C1.b 
C. c 
c. c 
010 
0. c 
0.c 
0.0 
0.0 
0.0 
0. c 
0.0 
0.0 
C. c 
0.0 
c. 0 
0.0 
0.0 
0. a 
c. 0 
r. c 
0.c 

0.0 
0.0 
0. c 
0 .o 
0.0 
0 .O 
0.0 
0.0 
c.0 
0. CI 
0.0 

c. c 
0.S 
3. 0 
c. c 
C.C 
c. c 
C.0 
c. 0 
0 .c 
0.0 
0. c 
0 e c) 

0. c 
0.9 
0.0 
P. @ 
Q e ?  
0. c 
c *  c 

O b  0 

a. o 

Y S T R A I N  S T R P I N  LAYER 
( 1 ' 4 )  ( O U T 1  1 

6.0 9.9 
0.0 0.0 
c.0 0.0 

0.0 0.0 
0 e G  0.9 
0.0 0.0 
0.0 0.0 
0.9 0.0 
0.0 0eo 
0.0 0.0 

0.0 9.0 
0.0 0.0 
0.0 Q.@ 
5.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
0.0 c.0 
0.0 0.0 
0.0 0.3 
0.c 0.0 
9.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 oeo 
3.0 0.0 
OD0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0ro 0.0 
L O  0.0 
Q.9 0.0 
0.0 0.0 
9.0 0.0 
9.0 oeo  
3.c 0.0 
0.0 9.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
c.0 0.0 
c.0 t2.0 
0.0 9.0 
0.0 0.0 
0.0 0.0 
O e G  0.0 
0.0 3.0 
0*9 0e0 
3.0 0.0 
0.; 0.0 
0.0 0.0 
0.0 0.0 
0,o 0.0 
? e 0  G.0 
G I 0  O I O  
O*@ 0.c 
0.c 0.0 
0.c 0.0 

? b o  0.0 

0.0 o b 0  

ceo  
0 .O 
0. 0 
0.0 
0.0 
0.0 
9.0 
010 
0.0 
0 .O 
3.0 
0.0 
0.0 
0.0 
0.c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
O e  0 
0 .o 
0. 0 
0.0 
0.0 

0 .o 
0.0 
C.0 
F.0 
c. 0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
@ .O 
0.0 
0 .o 
0. 0 
c.0 
0.0 
c. 0 
0 .o 
0.0 
0.0 
0.0 
O*O 
0.0 
D m 0  
0 e 0  
@ * 0  
0.0 
0 .o 
c)* 0 
!2 e 0  
c.0 
0.0 

o b  0 
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I 

1 
7 
3 
4 
5 
6 
1 

9 
10 
11 
12 
1 3  
14  
15  
16 
17 
18 
19  
2 0  
21 
22 
2 3  
2 4  
25 
26 
2 1  
20 
29 
30 
31 
3 2  
33 
3 4  
3 5  
36 
37 
38  
39  
40 
4 1  
4 2  
4 3  
4 4  
45 
46 
47 
48 
4 9  
5 0  
5 1  
52 
53 
54  
55 
56 
5 1  
58 
59  
6 0  
6 1  
6 2  
6 3  
6 4  
65 
66 
61 
6 0  
59 
10 
1 1  
12 

8 

J= 10 T I C € =  0.3000300 
T?TAL ENERGY I N P U T  ( IN. -LY.1  = 2.311 

K INET IC ENERGY ( I N  AB. I = 1,541 
E L A S T I C  ENERGY (IN.-LF!.) = 0.571 
P L A S T I C  W’3RK ( I N , - L ~ , I  = 0,299 

THE NCMINAL F3RCF I M P L I T U O E  D I J Q I Y G  T H I S  CVCLF IS 

THE FORCE D I S T R I R U T I C N  OURING T H I S  CYCLE 
IS THE SICF A S  LAST P R I Y T E D  

V 

0.3201 
0.9577 
1.5PRl 
2.2064 
2. 8C7S 
3.3891 
3.9424 
4.466e 
4.9511 

5.8212 
6.1584 
6.5084 
6,1790 
6.9r79 
7.1636 
7.2747 
7.3305 
1.33c5 
1 . 2 1 4 1  
7.1676 
6.9575 
6.7741: 
6.50E4 
6.1eE4 
5. 8212 
5.409 P 
4.9571 
4.4661 
3,5423 
3.3819 
2. 4 C i  t 
2.2C5E 
1.5073 
C. 5566 
0.3187 

-0.321t 
-0.9592 
-1.5891 
-2.2011 
-2. 8 O f 4  
-3 e 3 e € 4  
-3 e $42 6 
-4.4669 
-4.9512 
-5.4058 

-6,lPE4 
-0.5Ce4 
-6.1790 
- h . 5 5 7 5  
-7.1636 - 1.2147 
-7.3305 
-7,3305 
- 7.2747 
-7.1636 
-6.9979 
-6.77SC 
-6e50E4 
-6,19P4 
-5.8212 

-4.5571 
-4,4664 
-3,9424 
- 3 0 3 8 8 1  
-2,8079 

-1,5881 
-0.5577 
-0.3201 

5 . 4 ~ 5  e 

- 5. e212 

- 5 . 4 ~ 5 8  

-2.20t4 

W 

-7.3775 
-7.?741 
-7.1636 
-h.Q979 
-6.719C 

-6.1994 
-5. e212 
-5.409 S 
-4.9571 
-4e466kl 
-3.9424 

-2.8C19 
-2eZrC4 
-1.5991 
- c e  e574 
-c.3231 

C.3201 
C.SE1P 
l e  5P81 
2.1 Cb4 
2eEC7c 
3.3981 
?e 5424 
4.466R 
4.9571 
5.4c99 
5.8213 
6.1884 
0.5085 
6.1791 
h.9F0C 
l e 1 6 3 6  
1.2741 
7.3312 
1.2319 
7.2160 
7.1t3E 
6 e 9 5 1 P  
6.7788 
6 .5Ce-J  

- t . s ce4  

- 3 . 3 ~ a i  

-5.1883 
5.9212 
5.4097 
4,5571 
4.4669 
3.9424 
3.3PEl 
1 . R C 7 1  
2.2 C64 
1.5881 
C.9518 
C.3201 

-C.?201 
-0.9579 
- 1.5Fel 
-2.ZC64 
-2. PC79 
-?.3PEl 
-3.9424 
- 4 D 4 6 b 9 
-4.9511 
-5.409P 
- 5 ,  R212 
-te 1994 
-6.5084 
-6,’170 
-t .q979 
- 7 , l h 3 h  
-7.2747 
-7 033 05  

Fi 

0.3 
c.0 
0.0 
0 .c 
c. s 
0. 0 
0.c 
1). c 
c * o  
c. 0 
0.0 
c. c 
0.0 
0.0 
c. c 
0.0 
0.9 
c. c 
0. > 

- c * o  
-C.O 

0.c: 
-0.c 

C .c 
-c. 0 

0.C 
1.7 

11. Q 

61,O 
140.1 
218.4 
296.5 
377.6 
464.1 
553.9 
5 5 5 .  ? 
257.5 

-151.3 
-441. C 
-’132.6 
-315.5 
-214.F 
-254.8 
-1 53.7 
-125.3 

-59.9 
-15.7 

- C .  3 

-ne CI 
0. c 

-0.0 
0. 7 

-C.O 
0 * 2 
c. c 

9.6 
c. r 
3*C 
c.0 
0. 
0.0 
0. G 
0. c 
c ,  c 
0 0 3  
0 . 3  
0.Q 

0.0 
113 

-1.4 

n .o 

c.0 

“ n  J * .  

u S T R A I N  STRAIN 
( I ’ u )  ( C U T )  

n e 0  3.0 0.0 
* - n  3 e 0  0 .o 
3.0 0.3 0.0 
3.5 0.0 0.c 
3.3 3 e o  3 e 0  
0.0 0.0 0.0 
?.O 9.0 0.0 
r.0 0.0 0 .o 
0.0 0.3 0.0 
9.0 c.0 0,0 
0.0 @.3 0.0 
c.0 0.0 0 .c 
0.9 0.0 0.0 
0.0 9.0 0.0 
3.0 0.0 9.0 
0.0 0.0 C.9 
7.0 0.3 0.9 
c.0 :.0300 -0.00oc 
0.7 0.0000 -0.0000 

-3.0 -0.3000 0.0000 
0.0 0.0030 -0.ooor 

-0.0 -0.03oc 0.000c 
3.0 0.0000 -0.0300 

-c.n -ij.Ifo@o O.OOO@ 
L O  o.neoo -0.oo09 

-9.c -C.O300 0.c000 
-0.0 0.0003 0.0030 
-7.0 0.0000 0.0000 

-3.1 7.0001 0.0301 
-9.1 0.0002 0.0002 
-0.1 0.3002 0.0002 
-3.2 O*OOfl3 Oe0003 

d.3 0.0004 O.COC4 
2.Q 9.0905 0.0303 
0.3 C.OC05 0.0005 

-3.5 C.0001 O.OCC4 
- ? e 8  -9.0003 OeOOOO 

2.9 -0*0002 -0.0005 
1.1 -0.0003 -0.0004 
0.1 -0.0003 -0.0003 
0.1 -C. 0302  -0.0003 
0.1 -0.0002 -0.0002 
Q.1 -0.0302 -0.0002 
0.9 -0.0001 -0.0001 
0.0 - ~ . 0 0 0 0  -0.0000 
0.0 -0.0000 -0.0000 

-0.0 n.or)oi 0 . ~ 0 0 1  

0.3 -o,oooo -o.eooo 
-0.n -n.aooo o.ooco 

r e o  n.0300 -r).ooon 
-9.0 -0.0000 0.0000 
0.0 0.9000 -c.oooo 

-3.9 -c).OOO9 0.0000 
5 . 0  0.0000 -0ec300 

-7.0 -0.0000 c.soo0 
‘>.0 9.0700 -c.cccr 
3.0 0.0 reo 
c!*d 9 e 0  c. n 
0.0 0 - 9  0 * 3  
0.3 0.0 0.0 
O e b  9.0 0.3 
c.0 0.0 ? .0 
0.0 9.0 0.0 
0.0 9.0 0.9 
7 , 3  7.0 0.0 
? e 3  0.0 0 - 3  
3 e 0  9 e O  0.0 
C e G  5.0 3 .G 
9c.3 0.0 0.0 
< .o 0.0 c e o  

5.3 0.0 9.0 
0e7 Pe.0 C. c 

1499.9990 LRS 

LAVFR 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
1 4  
15 
16 
17 
18 
1 9  
20 
2 1  
22 
2 3  
2 4  
2 5  
26 
27 
28 
2 9  
3 0  
7 1  
3 2  
33  
34  
3 5  
36 
37  
38 
3 9  
40 
41  
42 
4 3  
4 4  
4 5  
46 
47 
4 8  
4 9  
50 
51 
52 
53 
5 4  
5 5  
56 
5 1  
58 
50 
hC. 
6 1  
6 2  
53 
6 4  
65  
66 
67  
6 8  
6 9  
70 
7 1  
7 2  

J= 20 T I M E =  0.CIOCCCC 
TOTAL ENERCY I N P U T  ( I N . - L @ e )  = 23.242 

K I N E T I C  EN€RGV ( I N e - L P s )  = 16.790 
E L A S T I C  EUERGV ( I N . - L D . )  = 4.925 
P L A S T I C  kORK ( I N e - L 9 . )  = 1.527 

THE NOMINAL FDRCF &,YPLITllr)E OURING T H I S  C'fCLE IS 

THE FORCE ClSTRIE'UT1Ch C U K I U G  T H I F  CYCLE 
IS THE SAME 4 5  L A S T  PQINTEC:  

V 

0.3201 
0.9577 
1.5Rfl  
2.2064 
2.8079 
30 3881 
3,9424 
4.4668 
4.5571 
5.4GSR 
5.8212 
6.1EE4 
6.5084 
6.7790 
6.4979 
l e 1 6 3 6  
7.2741 
1.3305 
7.3305 
7.2741 
7.1635 
6.997R 
6.7781 
6.5CEC 
6.1878 
5.8203 
5.40€5 
4.5554 
4.4645 
3.9396 
3.3845 
2.8036 
2.2c12 
1.5820 
0.9510 
0.3131 

-0.3274 
-0e965C 
-1.5931 
-2.21c 3 
-2.8116 
-3.3912 
-3.9451 
-4.4689 
-405518  
-5.4111 
-5.8222 
-6.1891 

-6.7793 - 6, FS €1 
-7.1636 
-7e274r!  
-7.3305 
-7.33cc 
-1.2747 
-?e1636 
-6.4975 
-6.7790 
-6.5084 
- 6 e l e E 4  
-5eR212 
-5.4098 
-4.9511 
-4.4668 
-3.9424 
-3.3881 
-20 8C75 
-2e70C 4 
-1.5881 
-0 .9577  
-0 ,3201 

-6. $089 

w 

-7.3305 
-7.2147 
-7. 1636 
- t r S S 7 9  
-6.719C 
-C15CE4 
- 6 e l @ R 4  
-5.3212 
-5.4c44 
-4.5571 
-4.4668 
-3.9424 
-3.389: 
-2.8079 
-2.2064 
-1.588 1 
-G*S5?8 
-Ce 3 2C1 

C.3201 
c. C578 
1.5889 
2.2 I67 
2eR023 
3r3eRb  
3.1431 
4,4675 
4.958C 
5.4196 
5.9221 
6 .1891  
6. 50eq  
6.7191 
6.9574 
7.1623 
l e 2 7 4 1  
7.3354 
7.3417 
1.2ES3 
7.1671 

6.7789 
6.5081 

6.9583 

CclP7P 
5. 820 5 
5.4C90 
4r456?  
4,4660 
3.541 8 
? e  3e75  
2.8075 
2e2C61 
1.5819 
C . 9 5 7 b  
C ,  3200 - C. 3201 

-C.957P 
-1.5881 
-2.7T64 
-2.9C79 
-3.3e91 
-3.5424 
-4.4668 
-4.7571 
-5r4CS9 
-5.8212 
-6.1884 
-6.5C84 
-c.1190 
- 6 . " C l S  
-7,1636 
-7,7 147 
- i , 3305  

N 

- C .  s 
c r 0  

-c. 0 
e. c 

-0.0 
C. 0 

-O.G 
c. r 

-0.0 
e. c 

-0.0 
0.0 

-C.C 
C * 0  

-c. c 
0.0 
0.5 
c. C 

30.9 
87.2 

lC1.0 
232.2 
301.0 
371.1 
443.6 

554.1 
675.3 
76C.C 
P52.3 
948.9 

1055.5 
1168.5 
1244.5 
143164 
1464.9 

81E.5 
- 1  3 %  5 
-777.1 
-RC9,6 
-758.5 
-707.7 
-66Ce 5 
-617rO 
-569.7 
-525.1 
-483.1 
-439.C 
-346.2 
-352.2 
-3 34.5 
-255.1 
-203.3 
-143.9 
-78.1 
-21.4 
-5.2 
-0.4 
-C1 c 

0.0 
-0. 

5. c. 
-c',o 
0, 0 

-0.C 
0, I? 

- C C C  

c.c 
- C * C  

c. r, 
-0,U 

c. C 

517.0 

* STRAIN S T P A I N  
I I h )  Ig lJ f )  

3.C 9.0000 -0.0003 
-0.7 -c.ooco @.(roo6 

0.7 0.0"OB -0.0oc0 
-0.r -c.'JJco 0.o:co 
'.O 0.50rJO -0.OOOO 

-0.0 -3.OCOO 0.0600 
c.0 c.0000 -o.oooo 

-0.0 -c.clooo 0.ooon 
0.0 0.00~0 -0.0000 

-0.0 -c.oocc C.000C 
0.3 0.0300 -0.cooo 

-0.c -C.0000 0.000C 
0.0 o.0000 -9.roco 

-0.0 -0.0000 O.@OOO 
n. 3 o.oooo -O.WOO 

-0.0 -0.o')oo c.0000 
-9-0 0.000rJ 0*0000  
-3.0 c.oco0 c.0'300 
-9.0 0.0000 C.000F 
-0.0 0.0001 0.0@01 
-0.1 c.0001 0.0001 
-0.L C.3902 0.0007 
-0.1 0.0002 0.0002 
-3.2 9.0003 0.0003 
-0.2 C.0003 C.COO4 
-0.2 0.0004 0.0004 
-0.2 C.000'3 0*0005  
-0.3 0.0005 O.CCO6 

-0.4 C.OOC7 0.0007 
-0.4 9.0007 0.C008 
-@e8 C.OCO8 G.OCC9 
-0.7 0.0009 010010  

5.9 3.0013 C.OCCR 
30.1 0.0919 C.0004 

2.7 0.0313 010011 
-27.1 -C10004 0.0017 
-26.4 *0.6011 0.0009 

15.9 -0.03CO -Ce 0012 
10.2 -0.0003 -0.0010 
0.9 -0. GO06 9 C C 6  

-0.1 -Or0006 -0.0006 
3.2 -0.0305 -C.0005 
3 . 3  -0.0005 -0.0005 

3.2 -0.'3004 -0.0004 
0.2 -0.0004 -C.0004 
0.2 -0.0303 -0.0004 
?a 1 -3.9303 -Ce 0003  
3.1 -3.0003 -0.OCC3 
0.1 -0.07n2 -0.0002 
9.1 -0.0302 -0.0002 
0.1 -0.0002 -@e@002 
0.0 -C.O301 -0.!?001 
')e3 -0.0901 -0.orJ01 
O.? -c.0000 -0.ocorl 
Oe" -C.5900 -C.C030 
J.O -9.0303 -1\.003c 

-0.c -2.0100 C.CCTP 
"-0 3.00ocI -0.0000 

-0.0 - ~ r ) o o  0.~300 
3.0 C.COC0 -C*C@OP 

- 9 e q  -c.oor)o cl.0000 
?,ri c.0900 -c.oaon 

-0.0 -c.0300 C.0CCO 
0.3 0.0300 -G.0030 

-0.0 -0.03c') O*O000 
77.0 3.3033 -(le0009 

-J.O -3.0900 C e ~ O T o  
0,o ),O'?O') - o * r o c o  

-3.9 -J,C000 ccoooo 
0.0 7.0950 -0.coor 
114 

-0.3 C.0006 C.0006 

0.2 -0.nr~04 -0.on05 

2999.9985 LES 

LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11  
12 
13  
1 4  
15 
1 5  
17 
18 
1 9  
2 0  
21 
2 2  
2 3  
2 4  
2 5  
26 
2 1  
28 
29 
30  
3 1  
32 
33 
3 4  
35 
3h  
37  
38 
39  
40 
4 1  
' 4  2 
4 3  
4 4  
45 
46 
41 
48 
49  
50 
5 1  
52 
53 
54  
55 
56 
5 1  
58 
55, 
6 0  
61 
6 2  
53  
54  
65  
66 
67  
6 8  
6 9  
7 0  
7 1  
7 2  

J= 30 T I M E =  0.0OCOSCC 
TCTbL EhEREY INFUT ( I N . - L R . l  = 93.916 

K I N E T I C  ENFRGY ( I N e - L P a )  = 72.321 
F L A S T I C  ENERGY ( I N J . - L P , l  = 17.4C3 
P L A S T I C  kORK ( IN . -LB. )  = 4.192 

THE NCPINAI. FQRCE AMPLITUDE W R I N G  THIS CYCLE I S  

THE FORCE D I S T R I P U T I C V  DURIYG THIS CYCLE 
IS T h E  SAME A S  LAST PRIF!TFD 

V 

t .3201 
0.9517 
1.5881 
2.2064 
2. E015 
3.3881 
3.9424 
4.4668 
4.9571 
5e4CS E 
5.821 3 
5 . l fE5  
6.5085 
6.7191 
6.54RC 
7.1636 
7,2746 
7.3302 
7.3299 
7.273 7 

6.555e 
6.7762 
4e5C49 
6.1838 
5,8156 
5.4029 
4. 5489 
4.4570 
3. 5311 
3.3151 
2.7931 
2.1856 
1.56P.5 
0. 53P6 
0.3C15 

-0,3391 
-C.576% 
-1  e 6030  
-2.2176 

-3.3972 
-3.55Cb 
-4.4740 
-4.5634 
-5.4151 
-5.P251 
-6,1921 
-6.5115 
-6.18 14 

1.1671 

-2.8179 

-6.59S7 
-7.164s 
-1.2757 
-7.3312 
-7.33C4 
-7.2749 
-7.1E3C 
-6.997P 
-607788  
-6,50P3 
-6.1883 
-5.8211 
-5.4097 
-4.4 571 
-4,4668 - 3. $424 
-3.3881 
- 2 ,  R079 
-2*2064  
-1e58F1 
-Oe9571 
-0,3201 

w 

-7.3305 
-7.2747 
-7.1636 
- € . S C l G  
-6.779C 
-6.5C54 
-6.1894 
-!.E212 
-5 e4098 
-4.9571 
-4.4667 
-3.5423 
-3.3878 
-2.8075 
-2*20  5 e 
-1e5P72 
- C .  5 5 h b  
-Ce31RC 

0.3718 
C.555F 
1.5905 
2.2 c91 
2.ElQfi 
3.3910 
3 . 5 4 5 4  
4.4691 
4.9599 

5.8229 
5.4121 

t .  1892 
t .  5C 91 
6.771 C 
6. 9035 
7.1569 
7.2725 
7.3462 
7.3655 
7.3cc;c 
7.1784 
7,CC13 
6.7@01 
6.5C91 
6.1883 
5.8704 
5.4C84 
4.9553 
4.4647 
3.9402 
3 . 3 ~ 5 8  
2.8057 
2.2C43 
1.5E61 
0.9559 
C.3184 

-Ce?215 
-Ce958Q 
-10  5891  
-2e2C72 
-2.R085 

-3.9427 
-4.4669 
-4.9572 
-5.4cse 
-5.8212 
-6.1 P94 
-t, 5c e4  
-6,1790 
-6.5979 
-7e163h  
-7,2747 
-7.3305 

- ? , ? ~ e 5  

PI 

-0. c 
0. c 

- c o o  
P.  0 

-c. 9 
c. 0 
0.1 
1.5 

12.5 
46.1 

107 e4 
178.2 
24'3.5 
298.7 
357.7 
415.5 
4l2.9 
531.3 
591.7 

718.9 

PFC.3 
940.2 

1024.3 
1117*? 
1216.4 

1445.0 

653.3 

7 8 L 7  

1326.4 

1576.1 
1718.8 
1875.7 
204A. 7 

2454.  b 
2531,4 
1514.7 

5?. 1 
-9C4.2 
-76he 9 
-912.2 
-863.6 
-815.0 
-704,c  
-7 27.5 
-688.6 
-t 54.  c 
-62013 
-590.8 
-5t1.3 
-535.1 
-5CE.7 
-451r8  
-459.3 
-433.8 
-409.3 
-391. E 
- 1 5 3 . 3  
-322. 8 
-2E8.1 
-249.3 
-208.2 
-158.2 
- 56.1 
-41.1 
- 1 l e  1 

-1.6 
-0.1 
- C *  0 

0.0 
-C. C 

0.c- 

2242.1 

'4 S T R A I V  S T R A I N  
( I r J l  ( O U T )  

0.0 0.0000 -0eO9Or? 
- 0 - 9  -0.0c90 c.cClcc 
0.0 0.0000 -0.9900 

-9.0 -0.n3n3 0.0000 
3.0 C . O O G Q  -0.OCOC 

-0.0 -0.0000 0 . C C C O  
-P.9 0.0000 0.0000 
-0.9 0.0000 O . P O O 0  
-9.0 0.c000 0.0000 
-9.0 9.00@9 0.0900 
-9.1 0.0001 0.0001 
-0.1 c.0001 G.0001 
-3.1 C.0002 C.CO02 
-0.1 0.0002 0.c002 
-3.1 9.0003 0.0093 
-G.2  0.0003 0.0007 

-0.2 0.0004 0.0004 
-0.3 0.0005 0.0005 
-0.3 0.0005 C.0005 
-9.3 0.0006 0.0006 
4 . 4  0.0006 0.003h 
-9.4 0.0007 O.COC7 
-0.5 9.0001 0.OGCP 
-0.5 c.0339 0.0008 
-0.5 0.OCCY c.ccc9 

-c.7 0.0910 0.0011 
-0.8 0.0911 c.0012 
-0.9 0.0012 0.0013 
-1.4 0.0013 O.CO14 

1.4 O.OG17 0.0016 
21.5 0.0025 OeCCC7 
53.9 0.0040 -0.0001 

5.7 OeOC27 0.0018 

-76.3 -0.0029 0.0030 
31.7. G.0005 -0.0019 
37.6 0.0007 -0.0022 

7.4 -0.0004 -0.0010 
-1.6 -?:.0008 -0.C006 
-0.2 -0.0007 -0.OC06 

9.5 -'?.030h -0.0036 
0.5 -0 e0006 -0 a0006 
0.4 -0.0305 -0.0006 

-3.2 e.0004 0.0004 

-0.6 o.eooq O.OOIO 

-3.1 0 . ~ 0 1 4  0.0016 

-79.3 -9.0019 0.0943 

9.4 -0.OC05 -0.0005 
0.3 -0.9005 -0.0005 
C.3 -0.0305 -0.0005 
0.3 -0.0004 -0eCOO5 
3.3 -0.0004 -0.0304 
0.2 -0.3004 -0.0004 
0.2 -0.0004 -0.0004 
0.2 -0.0004 -0.0004 
0.2 -0a0003 -0.0004 
0.7 -0.0303 -0.0003 
J.1 -0.0003 -C.0003 
7.1 -9.0903 -0.0003 
0-1 -3.0003 -O.i)033 
9* 1 -0.0302 -0.0002 
0.1 -0.0002 - 0 e c o c 2  
?.l -3.03c2 -0*00c2 
0.0 -0.0001 -0.0001 
d.0 -0.0901 -0.COF1 
0.0 -0,9300 -0.0000 

0.0 -CeC000 -0.occc 
q e O  -0.0'300 -0.0000 

-0. J -010000 0.9090 
0.0 0.0900 -0.0000 

-')e5 -0.3OOP c.aoc0 
3-0 0.0900 -0.c300 

goo  -C.OJOJ -o.emo 

1 1 5  

4499,9922 LBS 
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I 

1 
2 
? 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
1 4  
1 5  
16 
17 
18 
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
26 
27 
2 8  
29 
3c 
31 
3 2  
33 
34 
3 5  
36 
37  
38 
3 s  
40 
4 1  
4 2  
4 3  
44  
45  
4 6  
4 7  
48 
4 9  
50 
51 
5 2  
5 3  
54  
5 5  
56  
57 
58 
59 
6 0  
61  
6 2  
6 3  
6 4  
65  
46 
6 7  
6 8  
6 9  
7 0  
7 1  
12 

J= ?2 T I C E =  C.OOC0960 
TOTAL ENFPGY INPtJT ( I N e - L R e )  = 117.732 

K l h E T I C  ENERGY ( 1 N e - L R . I  = 91.505 
E L A S T I C  ENERGY ( I N e - L R e )  = 21.198 
P L A S T I C  W(1RK ( I N . - L P e )  = 5.030 

THE h C F I N A L  F C R C E  A p P L I T t I D E  DURING THIS CYCLE IS 

T 4 E  FORCE D I T T R I F U T I O N  DURIYG T H I S  CYCLE 
IS THE SAVE A S  LAST P R I h T E C  

V 

3.3201 
0,9577 
1. 5 a E l  

2. R07S 
3.3881 
3.5424 

4.9572 
5.4099 
5. 8214 
6.18Pb 
6.5CE6 
6.7791 
6.9980 
7.1635 
7.2744 
7.3245 
7.3295 
1.2732 

6.995C 
6.11F2 
6.5C37 
6.1824 
5.91?S 
5.4010 
4.546 E 
4.4547 
3.9234 
3.3721 
2.7899 
2. l P t l  
1.5658 
0.9351 
0.29r?2 

-0.342 4 
-0. 58C1 
-1.6C5C 
-2.2154 
-2.8193 
-3.39efl 
-3.9521 
-4.4754 
-4.9647 
-5.4163 
-5.8268 
-6.1431 
-6.5123 
-6.782 1 
-7.0003 
-7.1654 
-1.2761 
-7.3315 
-7.3311 
-7. 275C 
-7.1637 
-6eC975 
-6.7788 
-6.5082 
-6.18E2 
-5.8210 - 5,4056 
-4.95 70 
-4.4667 
-3.9424 
-3.3881 
-2 .  E075 
-2. 2C64 
-1.5881 
-0.9577 
-On 3 2 c 1  

2.2064 

4.4668 

7.161 5 

W 

-7.3395 
-7.2747 
-7.1536 
-6.77?73 
-6.7752 
-6.5 3 84 
-6.1 P94 
-5.8212 
-5.4G91 
-4.3570 
-4,4665 
-3@942P 
-3.3p75 
-2e8C71 
-2.?05? 
-1.5eb7 
- C  .9 56O 
-Ce 3180 

C.3225 
0.9605 
1.5912 
2.2fOR 
2.e115 
3.3917 
7.q461 
4.47c3 
4.9607 
5.4123 
5.P210 
6.1890 
C. 5C76 
6.7761 
6.S523 
7.1551 
1.2722 
7.3493 
1.3721 
1.3159 
7.1821 
7. CC23 
6.7804 
c. 5 c s 4  
6.1885 
5.82 c5 
5.4C83 
4.9552 
4.4645 
3.9399 
3.3854 
2.8053 
2.2038 
1.5856 
c. 5554 
C.3180 

-0.?22r? 
-C.S f S 4  
-1.5R95 
-2.2C76 
-2.kCR4 
- 3 . 7 8 8 Q  
-3.5429 
-4.4671 
-4.9573 - 5 -4 O@ 7 
-5.8213 
-Ce1RR4 
-6 D 5 784  
-6.7190 
-6,797c 
- 7 .  I t  3 6  
-7.2747 - 7.37 c5  

hl 

-0..J 
i *'! 

-0.2 
3.1' 
r,. 1 
1.5 

1C.4 
35.9 
91.5 

167e7 
33c. 1 
286.2 
-442.9 
398.2 
452.5 
5C7.1 
5t?.? 
620.3 
68C. 1 
743.4 
R"S. 5 
P'31.7 
957.9 

11 31.4 
12iC. 7 
1337.4 
1454.4 
15E3.9 
1724.2 
1 R 8 C .  1 
2049.5 
2237.9 
2447.3 
2678.1 
2728. 5 
1643.2 
1 LO.? 

-SC1.4 
-975.1 
- S l @ . 7  
-871.2 
-821.2 
-775 .8  
-732.7 
-b75.0 
-659.7 
-6 27-3 
-597.4 
-569.8 - 544.7 
-52C.1 
-498.3 
-475.5 
-454.9 
-433.4 

- ' l l . E  

- 3 9 4 . 4  
-364.5 
-33R.B 
-310.3 
-277.1 
-239.9 
-170.9 
-145.1 
- 8 l e 2  
-35.5 

-% 1 
-1.3 
-c,1 
- C - C  

0,C 
116 

ir41.5 

'4 STRAIQ S T R A I N  
( I N )  (CIIJT) 

0.7 0.0000 -0.03Or) 
-0.4 -0.0300 C.CO3C 

0.3 0.0039 -0.oooc 
-9.d -0.0000 C.0600 
-9.9 -0.0330 fi.01100 
-0.0 9.0500 c.coo0 
-3.0 O.OJO0 0.0030 
-C.? c.00co 0.0000 
-2.0 0.0001 o.ccc1 
-0.1 OoOOOt 0*0001  
-3.1 C.0002 0.0002 
-0.1 0.0002 c.0002 
-0.1 C.OC03 0.0003 
-0.2 C.OCC3 C.0003 
- 9 ~ 2  0.0004 C.0004 
-0.2 C.0004 0.C004 
-0.2 000CC4 0.0005 
-0.3 0.0005 0.0005 

-0.7 0.0006 G.0006 
- ? e 4  0.OCCh 0.0007 
-0.4 0.0007 C.OOCT 
-0.5 0.0001 0.0008 

-3.6 '3.GQC9 @.COO9 
-0.7 0.11010 0.0010 
-C.8 00001!! 0.COll 
-0.9 0.0011 0.0012 
-0.9 0.OC12 0.0013 
-1.0 0 0 0 0 1 3  O.CO14 
-1.9 0.0014 0.0016 
-3.8 0 0 0 0 1 5  O.OC1R 

3.0 0.0019 0 0 0 0 1 7  
34.4 0.0033 0.0006 
62.0 0.0645 -0.0002 

5.8 0.0024 0.0020 
-90.8 -0.0022 0.0C49 
-90.1 -0.0034 L.0035 

33.1 0.00@5 -0.0020 
45.6 0.C010 -0.0025 
1 0 0 3  -0.0003 -000011 
-2.0 -00 0008  -0.0006 
-0.5 -0.0007 -0.0006 

9.6 -0.0006 -0.0006 
0.6 -0.0006 -0sCCC6 
0 - 5  -0.0005 -0.CC06 
3.4 -0.0005 -0eO005 
0.4 -0.0005 -@.0@@5 
0.3 -0.0005 -0.0005 
O m 3  -0.0004 -0a0005 
0. 3 -3.0004 -0.0004 
0.3 -00 3904 -C. 0004  

0.2 -0.0004 -0. C O O 4  
0.2 -0.03C4 -C,0004 
0.2 -3.0003 -0eC004 
3.2 -@e0003  -Os0003 
0.2 -0.0003 -0*0003 

G.1 - 3 . S C O l  -C.O009 
0.1 -0e0002 -0.0003 
0.1 -3.0002 -C.OOQ2 
G.1 -2.0002 -0.0002 
00 1 - 0 e O C 0 2  -0e0007 
9.0 -0.30001 -0.0001 
0*0 -0.00c1 -c.o001 
3.0 -0.0000 -0.cooo 
3-0 -c.oooo -0.0000 
0.0 -0.000'3 -0.0000 
0.0 -Ce0000 -G.0000 

?.@ o.o00c! -c.c000 

-0.3 C.CCC5 00COC6 

-0.5 0 . 0 0 ~ ~  0.0009 

0.2 -0.0004 -0.0004 

0.1 -3.0003 -0.0003 

- L Q  -a,owo C.OOCO 

4799.W22 L R S  

LAYER 
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I 

1 
2 
3 
4 
5 
6 
1 
8 
9 

1c 
11  
12 
13 
14  
15  
16 
1 1  
1 8  
19 
20 
21 
22  
2 3  
2 4  
2 5  
26 
2 1  
2R 
29 
30 
3 1  
3 2  
33 
3 4  
35 
36 
3 7  
38 
39 
4 0  
4 1  
4 2  
4 3  
4 4  
45  
46 
41 
48  
49  
50 
51 
52 
53 
54 
55 
56 
5 1  
58  
59 
6 0  
61 
6 2  
6 3  
6 4  
65  
66 
67  
6 8  
69 
70 
11  
7 2  

J= 40 T I W E =  C.JCCl2CC 
TCTAL EluEPGY INPUT ( I N e - L R . )  = 755.697 

K I h E T I C  ENEPGY ( Ih . -LR,  1 = ?07.998 
E L A S T I C  ENERGY ( I N . - L R . )  = 31.456 
P L A S T I C  k O R Y  ( I N * - L F . 1  = 13.142 

T 4 E  N C Y I N A L  FGRCF A C P L I T L D F  OURIhG T H I S  CYCLE I S  

T H E  FORCE C I S T R  1RlJTIU"I I IURING THIS CYCLE 
I S  THE S A F E  A S  L A S T  P R I h T E 0  

v 

C.3201 
0.9579 
1,5f?E3 
2 . ? O t l  

3.3?FC 
3.9431 
4.461 5 
4.9577 
5e41C5 
5. e219 
6.1 889 
6.5067 
6.1lt)S 
6.9974 
7.1625 
l e 2 1 2 9  
7,3278 
7.3268 

2. e c  € 4  

7.2691 
7.1511 
6.5858 
6.1690 
6.45C4 
6 .  1141 
5.8044 
5.3902 
4.9341 
4.4412 
3.9131 
3.3561 
2.1123 
2.1665 
1.5462 
C. 5165 
0.2814 

-0e35QC 
-0.991C 
-1.6193 
-2.22Ee 
-2.9268 
-? .40 t3  
-3.9596 
-4.4 823 
-4.41 11 
-5.4221 
-5.8321 
-6.1919 
- t .  5166 
-6.7855 
-1,0031 
- 7.1683 
-1 a 218 5 
-7.3335 
-1.3327 
-7.2763 
-7.1646 
-6.95e4 
-6,7751 
-6.5083 
-6,lRRO 
- 5. E201 
-5.4092 
-4. F5C 5 
-4.4661 
-3,9418 
-3.3P75 

- 2  * 2060 
-1.5Ele 
-0.9576 
-9.31 99 

- 2 ,  eo15 

W 

-7.3305 
-1.2741 
-1,1635 
-6.99 77 
-6.7787 

-6.1877 
- 5 .  E 2c3 
-5.4C E5  
-4.5555 
-4.4647 
-3 -9390  
-3.3E51 
-2.RC44 
-2.2023 
-1.5E35 
-C.S525 
-0.3 143 

C.3264 
c .sc45 
1.5552 
2.2137 
2.8152 
3.3$57 
3.9491 
4.4121 
4.562C 
5.4132 
5 .  E226 
6.1873 
6.5042 
t . l l C 1  
6. S e Z 7  
7.1460 
7.2114 
1.3659 
1.4C57 
1.351C 
7.2027 
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5.8214 
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-2.2C97 
-2.8lC9 
-3.3906 
-3.9446 
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-6.5Ceq 
- t . l l S ?  
-6*C;S81 
-7,1637 
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3 R l - 1  
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911.2 
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2106.4 
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-0.1 
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-3.0000 
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0.0904 
CB 0004  
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0.0005 
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C.03Cl 
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-0*000q 
0.0001 
o . cmi  
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0.0011 
O.GO12 
0.0013 
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0.0011 
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59.8 0.0053 0.0001 
71.6 0.0369 -0.0006 

3559.3 5.2 0.0030 0.0026 
224C.2 -116.2 -0.C035 0.CC93 

?23* 1 -13502 -0,0056 0.0064 
-924.R 33.6 0.0005 -0.0020 
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-596.1 
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-831 .  t 
-177.8 
-1C3. 1 
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-516.6 
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-52e.2 
-505.1 
- 4 P 3 . 4  
-465.4 
-441.9 
-434.9 
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-398.5 
- 3 9 8 . 7  
-3ac.4 
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-363.4 
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- 3 3 4 . 3  
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-2h6.1 
-237,7 
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a3.6 0.0324 -0.0041 
31.4 0.0004 -0.0320 
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-3.6 -0.010R -0.0C05 
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l e 0  -3.0305 -C.0006 
0.7 -C.00(?5 -0.0006 
0.6 -0.0305 -C.CCC5 
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0.5 -9.3304 -0e3035 
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3.3 -0.0003 -0.0004 
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1 4  
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55 
56 
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6 2  
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6 4  
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J= 5 0  T I W E =  0.0001500 
T 7 T 4 L  ENERGY I N P U T  ( I N . - L R . )  = 595.007 

K I h E T I C  ENEPCY ( I N e - L 5 .  1 = 479,768 
ELASTIC ENERGY (IN*-LS.I = 58.059 
P L A S T I C  kORK f INe -LRe 1 = 46.280 

THE F C P I N 4 L  FDRCF AMPLITIJDE OlJRIlJG T H I S  CYCLE I S  

THE FORCE O I S T R I R U T I C Y  DURING T H I S  CVCLE 
I S  THE saFcE A S  L A S T  WIWTED 
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1 6  
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2 7  
2 8  
29 
3 0  
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3 2  
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3 5  
36 
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44 

J- 6 0  TIME= C.COO18C9 
TOTAL E N E P C I  I N P U T  ( IN.-LR. t = 1151.893 

K I N E T I C  ENERGY ( IN . -LR.1  = 950.074 
F L A S T I C  ENERGY I I N e - L n a  I = 82.060 
P L A S l I C  h0RK (IN.-LEI.t = 119.763 

T H F  NflPINAL F O R C F  AMPLITUDE DIJRING T H I I  CYCLE I S  

THE F G R C E  O I S T R I R I I T I C h '  DURING T H I S  CYCLE 
IS THE S A M E  A S  LAST P R I N T E 9  
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5 8  -7.0028 
59 -6*7R24 
6C -6.5106 
61 - G I B S 3  
6 2  -5,8211 
6 3  -5.4086 
6 4  -4,9551 
65 -4,4639 
6 6  -3,S3e7 
h7 -3,3837 
6 8  -2,8030 
6 9  -2.20C9 

7 1  -0.9515 
7 2  -Ce3135 

7 0  -1.5e22 

w 

-7,2293 
-7.2723 
-le 1595 
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-0.1 C.0003 C.0033 

121.9 0.0043 -c.oa6r: 

-9.1 o . 0 ~ ~ 0 3  o,oor3 

LAYEP 
1 



I 

1 
2 
? 
4 
5 
6 
7 
8 
9 

1 c  
1 1  
I2 
1 3  
1 4  
1 5  
1 6  
1 7  
18 
19 
2P 
2 1  
22 
2 3  
2 4  
2 5  
2 6  
2 7  
2R 
2 9  
3 0  
31 
32 
33 
3 4  
3 5  
3 6  
3 7  
38 
3 9  
4 0  
41 
42 
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
50 
51  
5 2  
5 3  
5 4  
55 
5 6  
57  
5 8  
5 9  
hC 
6 1  
62 
6 3  
6 4  
6 5  
h6 
6 7  
6 8  
6 0  
7 c  
7 1  
7 2  

J= 1 C C  T I C F =  C.0CC3700 
TOTAL EYEPGY INPUT [ I N e - L F ; * )  = 4757.137 

Y I h E T I C  EhERGY [ I N , - L P ,  1 = 3722.895 
E L A S T I C  ENERGY f I N . - L * . l  = 196.160 
F L A S T I C  NORK ( I N . - L P . I  = 878.C82 

THE IrCWINOL FORCE PMPLITU'lE O U R I N G  T H I S  CYCLF IS 

THE FCFCE O I S T R I P U T I f l N  OlJPIkJG T Y I S  CYCLE 
I S  THE SAVE A5  L b S T  P R I h T F C  

V 

0.35?7 
0.9909 
1. € 2 0 2  
2.236P 
2.5359 

3.9630 
4.4R 23 
4.S664 
5.4116 
5. ?I 4 4  
6.1714 
h.479R 
6. 7 3 6 5  
6.9406 
7. C592 
7.1812 
7.2159 
7.1925 

3.41ie 

7.1113 
6.5726 
6.7774 

h.2227 
5. € 6 7 5  
Ee466C 
5.0179 
4. E_24c 
3.9938 
3.435C 
2.@525 
2.2539 
1.6452 
1.0334 
C - 4  1 4 0  

-0.2110 

-1 - 4 4 7 8  - 1.2712 
-2.4353 
-2.957s 
-3.5113 
-4.0561 
-4.5ac5 
-5.0748 
-5.5237 
-5.9224 
-60 2 7 6  1 
-6 .  5864 
-5.9485 
-7eC5eR 
-7. i16C 
-7.3191 
-7.3612 
-7.360 1 
-7.2975 

6.5260 

- c. 8075 

-7 .  i a o c  - 7 e or 5 2 

-6.5oec 
-6.7831 

-6.183 C 
-5. e112 
-5.3955 
-4. S3Ql 
-4.4454 
- 7 * 9 1 8 1  
- 3.3t12 
-2.7789 
-2.1757 
- 1.556C 
-0.9246 
- ~ . 2 e ~ 5  

w 

-7,3106 
-7.24P5 
-7.13C7 
-6.95S5 
-6.7?25 
-Ce4F4P 
- t e  1273 
-5. ' i 5 2 h  
-5.3334 
-4.8730 
-4.3756 
-?.E431 
-3.2R1 h 
-2,6547 
-2.OP77 
-1.4638 
-C. F257 
-C.1897 

C.4509 
1. CE68 
1.7128 
2.3237 
2.S142 
3.4791 
4. C137 
4.5141 
4.9738 
5.3346 
5.7467 
6.0619 
6.3384 
t.5P49 
6.831C 
7.C932 
7 .3 t54  
7.6312 
7.8915 
R.0328 
7.6625 
7.2 1 7 1  
6.8448 
t. 5226 
6 e.1 a6 2 
5.81 03  
5 . 4 1 1 6  
4.9550 
4.463P 
3.9199 
3.3557 
2.7754 

1.5457 
C.9177 
C.279C 

-0.3614 
-c .  9C9A 
-1. t284 
-2.2456 
-2.8454 
-3.4236 
-3.'3756 
-4.4G77 
-4.3 € 4 5  
-5.4336 
-5.F412 
-6e2C42 
-6. 5 1  9=' 
-6.7P5E 
-6,099R 
-7 . lhC4 
-7,2662 
-7.3163 

2.1706 

rJ 

125.C 
217.7 
273.4 
2 1  3.9 
2.5Cl.3 
3 2 3 - 2  
412.2 
537.5 
573.0 
618.2 
740.4 
913.2 

1045.1 
1132.8 
1294.6 

14C6.7 
1554.4 
1679.5 
1580.7 
2142.4 
2359.4 
2 5 4  P. C 
2745,4 
2952.2 
3245.1 
35 27.9 
3863.4 
424C. E 
4630.9 
5c55.3 
5566.1 
6377.5 
5778.4 

1720.7 

545e.2 

M 

-1.2 
-1.4 
-1.5 
-1.8 
-?.9 
-2.3 
-2.6 
-2.7 
-3.2 
-3.6 
-4.9 
-4.4 
-4. Q 

-5.4 
-5.9 
-6.5 
-7.2 
-7.9 
-8.7 
-3.5 

-10.4 
-11.9 
-13.6 
-12.0 
-9.1 

- 2 2 *  r) 
-41.6 
-22.3 

12.7 
23.5 
19.9 

6.0 
7.1 

-8.2 
-9.c 

STR A I !'I 
( IkJl 

0.0001 
0.0001 
c.0001 
0.90c1 
0 . C r ) O l  
c.0002 
c. 0502 
0,0003 
C. 0 3 0 3  
0.0004 
'3. COO4 
C. 0C C6 
0.0006 
C.OOC7 
0.0008 
0.0309 
'3.0008 
0.0009 
0.0010 
0.0011 
0.0013 
0.0C14 
0.0015 
OeOC17 
0.0020 
0.0017 
0.0012 
0.0322 
0.0039 
O.OC49 
O.OG95 
G.0191 
0.0362 
0.0490 
3.0e39 

S T R A I N  
[ I I I T  1 

0.FOOl 
0.0007 
0 .000 2 
r,. 0002 
C.OC'33 
0.0303 
c. o c 0 4  
Ca0005 
0.0006 
C.COC6 
0.0007 

0 .oo 10 
0.0012 
0.0013 
0.0013 
0 e 0 0 1 4  

c. c c 0 9  

O.OC15 
0.0017 
0.0019 
0,0021 
O.OC23 
0.0026 
C. 0 0 2 7  
0.0027 
0.0034 
0.0044 
0.0039 
0.0029 
O.CO27 
0.0022 
Ce 0 0 3 3  
0.0152 
0.0302 
6.0492 

5324.5 36.8 
3917.9 67.9 
1691.0 -185.4 

2 t  3, C -135. 9 
177.7 159.3 
LI5.R 1R0.2 
2CS-4 134.1 

4-52.? 18.2 
4 t l v  5 -41. R 
495.7 -45.2 
547.P 1.2 
584.3 20.2 
579.2 8.2 
5 t t * 7  0.3 
561.2 1.4 
5P1.6 2.6 
612.3 213 
683.1 1.9 

36C.C 77.5 

712.7 1.6 
695.8 1.4 
77c.2 1.2 
P47.9 1.0 
818-P 0.9 
84';,4 9.7 
9 1 9 e 3  3.5 
951.9 0.4 
4P0.2 C e q  
4 7 9 - 6  0.2 
.754.G 0.1 

7,s -3.1 
-1C-8 -0.3 

7 0 e 4  -0.5 
67.3 - $ e 6  

aq.7 0.c 

6 ~ 5  -0.8 
75.9 120-1.0 

0.0698 0.0510 
0.0053 0.G26 1 

-0.0496 OeC9t3  
-0.0058 0.0064 
0.0259 -0.C199 
0.0193 -0.0157 
3.0063 -0,0057 
0.0933 -0. QC27 
0 00 1 0 -0.0 0 0 4  

-0.0012 0.0020 
-0.C013 C.0021 
0.0005 0. COO4 
010012 -0 - 0 0 0 3  
0.0008 0.0001 
0.0005 C.0004 
0.0005 0.0004 
0. OOOh 0.0004 
O.Or106 0.0004 
0.0006 Oe0005 
C.0006 C.0005 
0.0906 C.0005 

O.COC7 CeCOC6 
0.0007 0.0006 
0.0007 0.COC7 
O e O Q O 8  0.00c7 
0.0'207 OeOOG7 
0.0004 O . C O O 5  
0.0004 C.0004 
0,0002 ci. 0 0 0 2  
0.0001 o.coo1 

-n.0000 0.0300 
- C e C O P O  - C e C C C C  

0.0000 0.0000 
3e0000 CeO001 
0.0000 C. 000 1 
0*0003 c,0001 

0.0007 C.0006 

5024.8828 C A S  

LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12  
1 3  
1 4  
1 5  
16 
17 
1 8  
1 9  
20  
21 
2 2  
2 3  
2 4  
25  
26 
27  
2e 
29 
30 
3 1  
3 2  
3 3  
3 4  
3 5  
36  
37 
3 8  
3 9  
40  
4 1  
4 2  
4 3  
4 4  
4 5  
46  
47 
4 8  
4 9  
50 
51 
52  
53 
5 4  
55  
56  
57 
5 8  
5 9  
60 
h l  
6 2  
6 3  
6 4  
6 5  
66  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  

J =  190 T I C € =  CefCC57CC 
T C T A L  ENEFGY I N P U T  I I N e - L R e l  = 5706.CS8 

E L A S T I C  ENERGY I I N e - L R a )  = 175.346 
P L A S T I C  WORK I I N e - L H e )  = 1052.790 

K I ~ E T I C  E W R G Y  t I rd , -~B. )  = 4530.262 

N O  FORCING F U N C T I C N  I S  ACTING DURING T H I S  CYCLE 

V 

Oe 40? 1 
1.t985 
1.7230 
2.3324 
2.9215 
3.4e54 
4.0181 
4.5137 
4.9781 
5.3945 
5.763€ 
6.3818 
6.3456 

6.7002 
6.7E77 
6,PIC7 
6.767C 
0.6622 
6.5001 
6.2750 
5.9R54 
5ah337 
5.218E 
4.7455 
4.2280 
3.68CS 
3.1159 
2.543 5 
1.5657 
1.3988 
9- E352 
0.3009 

-0.1935 
-0.6744 
-1.1634 
-1.t5E6 
-2.2718 
-2.757c 
-3.OPF7 
-3.4226 

-4.233c 
-4.6963 
-5.166C 
-5*6168  

-6,4084 
-6.7215 
-6.9693 
-7.1534 - 1.2~?15 
-7.36C 1 
-7* 3561 
-1.3043 
-7.3136 
-7.1917 
-6.9960 
-6.76Cq - 6.4753 
-6,1405 
-5,7591 
-5.3344 
-4,8695 
-4.3677 
-3.Q33C 
-3.2694 
-2.6812 
-2aC725 
-104493  
-0,8153 
-@, 1759 

6.5523 

-3. e127 

-6.0362 

w 

- 7 , 2 f 9 1  
-7 e 1264 
-6, C863 
-C1751? 
-6,5412 
-6. 2386 
-5.EF55 
-5.4E47 
-5,c794 
-4.5537 
-4.c3c3 
-3.4148 
-2 8 9 1  5 

- 1.6628 

-Ce3E87 

C. 8819 
1.5014 
2.1010 
2.0722 
3.2C76 
3.6957 
4.1274 
4.5C40 
4. P3A4 
5.1404 
5.4280 
5.7125 

-2.2657 

- l e t 2 8 5  

t ie2501 

6.0C72 
6.3213 
6.6984 
7.1400 
i . t i 2 7  
8.0803 
8.4984 
E -7 199 
8.3030 
7.1517 
7.2C39 
6.6568 
6.2120 
5.7684 
5.3322 
k e E 1 6 5  
4.3920 
3.9704 
3.3112 
2.7203 
2.1067 
1.479C 
C.8435 
C12043 

-Ce4363 
-1.G729 
-1e65C5 
-2,3125 
-2.QOY2 
-3a4Plb  
-4.0276 
-4.542? 
-5eC216 
- 5 ~ 4 6 2  1 
-5.8000 
-6,2 123  
-6,5161 
-6.7689 
-6. 56Ph 
-7.1136 
-7e2026 
-702245 

I4 

122. t 
? t * 3  

-217,? 
-24% 2 
-323.6 
-?17*3  
-7cr. 1 
-1 39.0 

-1C.6 
4.4 

27* 7 
-$. 5 
6Pe7 
32.2 

116.4 
136.5 
239.1 
342.9 
390.4 
4 28, 8 
525.0 
515.3 
573.5 
596. ’3 
538.7 
571.1 
4?2.4 
314.2 
330.3 
3 13.4 
422.0 
:L4o ? 

134. F 
167.5 
110.6 
50.1 

-127.4 
387.8 
355.4 
765.6 

1069.5 
13C6. 5 
1411.9 
1587.7 
15Cq.3 
1393.2 
1442.6 
1422.1 
1192.6 
1002.3 

767.9 
661.1 
620.2 
719.5 
6 6 3 . 0  
t 7 c e  1 

776,7 
762.6 
782.3 
7 i 2 . 3  
6 7 8 - 3  
5C5.2 
411.3 
3Fl.S 
217.5 
225.5 
266.7 
107.7 
143,5 
121 

- -  
298. e 

a95.5 

753 ,a  

Y S T R 4 I N  S T R A I N  
( I Y I  ( ? U T )  

-6.8 -2.3302 0.0004 
-7.5 -0eCOC3 LCOO3 
- P e 4  -0.0395 0.0001 
-9.3 -CaOCC6 C.CO01 

-10.3 -0.OCC7 0.coo1 

-12.5 - C . @ C C 7  @.COO2 
-13.8 -2.0005 0.0004 
-15.2 -3.0306 0.0006 
-16.5 -0e0’3C6 C.0006 
-18 -9  -0.0907 0.0007 
-2c.  4 -C.G034 C.OCO8 
-22.6 -0.9908 0.0009 
-21.1 -C.0378 n.CO98 
-22.0 -0.0C9Y 0.0009 
-35.6 -C.0312 0.0015 
-43.2 -7.3C15 0.0918 
-22.3 -0.3006 0.DC11 
-11.3 -0eC001 0.00’37 
-/+0.1 -C.0012 @e0019 
-58.4 -0.0018 0.0027 
-62 .  Y -0.0020 C.0’328 
-91.4 -0.0031 C.CC40 

-101.2 -0.0034 0.0044 
-55.0 -J.OC17 0.0025 

10.5 0.0008 0.0000 
79.5 0.0034 -0.COZf. 

132.8 0eOC65 -0.0056 
124.7 OeC987 -0.0074 
142.1 C.0106 -0eCC94 
146.3 0.0150 -0.0085 

-11.3 -0.n077 0.0002 

lh9.1 0.C268 - O e @ l l @  
149.8 9.0410 9.0015 
73.6 0.0481 0.0216 

-12.8 0.0595 C.0451 
-118.3 0.0584 0.0534 
-179.3 -0.0150 0.0374 
-235.4 -3.0773 0.1123 
-170.9 -0.0248 0.0207 
-1’29.2 0.0123 -0.0061 

11.5 0.0199 -0.0185 
42.3 0.012F -0.0157 

145.6 @e0193  -0.0159 
138.4 0.0119 -0.CC82 
103.2 0.0958 -C.0030 
52eG 0.0332 -0.0008 

-16.2 C.3005 0.0017 
-56.5 -9eOO10 0.0033 
-66.0 -0.0014 0.0037 
-46.9 -0,0309 0.0027 

-7.1 0.0005 O.CG11 
25.0 0.0317 -0a0003 
47-6  0.3024 -G.0012 
34.1 OeOO19 -0eOOO9 

-12.4 000000 0.0010 
-24.4 -0e0904 0.0015 

l e 7  0.0006 0.0005 
13.2 C*Cr19 - C e O B @ O  

-2.4 0.”005 Oe0007 
-9.9 010006 0.CgC6 

0.2 O.Oil06 Ce‘3C36 
-9.6 0 e 0 2 0 5  Cef’SO6 
-1 -4  @a0004 C.0006 
-1.9 OaOOC3 CeCOO5 
-2.4 0.0002 Oa0004 

- 3 a 4  O,OOC0 O.OOr)’, 
-4,l C.0309 0.0003 
-4.7 P,.OrJCQ C.0004 

- h e 1  -900901 0.0303 

3*7 O . O J C 7  0.0005 

-2.9 O , C ~ C Z  o.oaa4 

-5-4 - o . o ~ o i  e.0004 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
18  
19 
20 
21  
22 
2 3  
2 4  
2 5  
26 
27 
28 
29 
3 0  
31 
32 
33  
3 4  
3 5  
3 6  
37 
38 
3 9  
40 
41  
42 
4 3  
4 4  
4 5  
46  
47 
48  
49  
50  
51  
52 
53  
54 
55 
56  
57 
5 8  
59 
60 
61 
62  
63  
64  
6 5  
64 
67  
6 8  
69 
70  
71  
72 

J= 230 T I C E =  C.fJOC6903 
TOTAL ENERGY INPUT (IN.-LR.1 = 57tt.CSA 

KINETIC EhERGV ( I Y e - L S a  1 = 4401.299 
E L A S T I C  FNFRGY ( I N . - L R . l  = 194.025 
P L A S T I C  hORK (IN,-LR.1 = 1139.784 

N C  F C R C I N G  Fl fNCTICN IS P C T I Y G  CURING T H I S  CYCLE 

V 

0.516C 
1e14S3 
1.7715 

2.9617 
3.5191 
4.c447 
4.5335 
4eSRl l  
5.3827 
5,7337 
6eC313 
6.2744 
6. 4574 
6.5728 
6.6227 
6, 612C 

2.3774 

6.5381 
6,4004 

5,9325 
5.5892 
5.1739 
4.65P7 

3.6367 
3.0740 
2.4914 
1.9144 

0.7600 
C. 229: 

-0.67Q9 - 1.105C 
-1,5458 

6.2009 

40 1EC7 

1.3334 

-0.2456 

-1.9972 
-2.6C20 
-3eC736 
-3.3835 
-3.6836 
-4.0268 
-4.39c4 
-4.79O9 
-5.21C8 
-5.6364 
-6 e 0435 
-6.4176 
-6.7442 
-7,0113 
-7,2075 
-7.3340 
- 7.3975 
-7.40RC 
-7.3741 
-7.2971 
-7.1728 
-6.9923 

-6.4526 
-6.1121 
-5.72@5 
-5.3013 - 4. 8324 
-4e327C 
-3.78C4 - 3. 2232 
-2,6326 
-2ec225 
-1,3975 
-0. 1627 
-0,1231 

-6.7450 

w 

-7.1543 
-7.C6lh 
-6,9113 
-6.7C44 
-6.4425 
-t. 1273 - 5.7 6 1 3  
-5.3475 

-4.3593 
-3. d 544 
-3.2873 
-2,6947 
-2.C8C8 
-1.4507 
-0.81 2 1 
-C. 1715 

0 . 4 t 4 h  
1.C900 
1.6585 
2.2R01 
2. R Z l Z  
?e3091 
3.7391 
4911t5  
4.4553 
4.7613 
5.C417 
5.3075 
5.5777 
5.8075 
6.2336 
6.6832 
7e lP47 
7.7C76 
8.2208 
f.4838 
E.5237 
8.492 1 
7.9290 
7.3623 

-4. e893 

6.823C 
6.2950 
5.7948 
5.3113 
4. e330 
413a87 
3. I! 191 
3.26€5 
2.6866 
2. c773 
1.4495 
C.8125 
C. 1722 

-Ce4672 
-1.lC27 
-1.73C9 
-2.3452 
-2.S375 
-3.5C4h 
-4. C44h 
-4.5552 
-5.3353 
-5047Ch 
-5*@632 
-6.21CZ 
-6a5C82 
-6.7547 
-6*5475 
-7.OR57 
-7.165@ 
-7.1P91 

‘u 

-220.0 
0.1 

12406 
lP5,P 
293.6 
472.1 
604.2 
654.0 
755.8 
877.2 
774.3 
6SO. 1 
7qc.q 
826.1 
727.3 
734.e 
668. Q 

545.1 
521.8 
556. ‘4 
643.7 
490.4 
723.9 
795.9 
q E l e  1 
915.1 
909.8 
8C8.9 
631.6 
537.C 
393.5 
2F7. 7 
175.C 
161.9 

33-4  
50.1 

-96 6 
-129.0 
-238.1 
-167.2 
-150.0 
-125.E 

255.3 

244. t 

-15.4 

2C7.9 

318.3 
247.1 
27C.2 
231.5 
223.4 
341.2 
386.1 
’1E4.2 
409.Q 
414.6 
247. e 
244.1 

4c. 7 
51.1 

-73.2 
-245.5 
-295.1 
-553. 0 
- 4 ? i r  1 
-4Q7.9 
-500, P 
-352.7 
-451.3 
-453.c 
-16e.S 
- l c 2 .  5 

M S T R A I N  S T R A I N  
( I N )  ( 0 l l T I  

--3,7 -0.000h 0.0002 
-1019 -0.0004 CeCC04 
-12.1 -01@004 0.0006 
-13.3 -0.0004 0.0007 
-14.8 -%PO03 C e C C C r )  
-16.5 -0.0’303 O e L O 1 0  
-17.6 -0.L002 0.0012 
-16.5 -0.0302 o.oc12 
-72.2 -0eOCICl3 0.0014 
-27.2 - $ e  OCC3 0. C017 
-23.6 -0e0003 0.0015 
-16.3 -0.0001 0.0012 
-31.7 -0.0006 O e @ C l @  
-53.9 -0.0014 0.0027 
-40.2 -0eOOlC O.CO21 
-19.9 -C,O’lOl 0.0013 
-33.2 -C.0306 0.0017 

-32.8 - 0 . 0 0 0 8  0.0017 
-71.9 -0.0023 O.CO32 

-115.0 -0.0039 0.0050 
-123.6 -3.0044 O.QO58 
-1C9.1 -0.0036 0.0048 

-47.3 -0.0912 0.0024 
37.0 0.CJ21 -0.0007 
74.4 0.0036 -C.0021 

103.7 0.F047 -0.0032 
129.9 0.0070 -0.0054 
144.6 9.0100 -010085 
164.9 0.0126 -0.010P 
179.0 0.0254 -0.0182 
181.0 0.0304 -0.0168 
1C9.7 0.0354 0.0030 
33.7 0.0466 0.0232 

-47.9 0.0581 0.0464 
-116.5 0.0581 0.0534 
-197.5 -0.0237 0.0415 
-211.5 -0.C855 0.1163 
-182.6 -0.0261 0.02C8 
-122.2 0.0093 -0.0045 

-56.5 0.C163 -0.0165 
-13.7 0.0097 -0.0145 

146.9 0.0132 -0.0117 
152.5 0.0099 -0sC095 
122.8 0.0050 -0.0046 

56.9 0.0’324 -0.0019 
-3.9 OeC001 0.0003 

-46.1 -0.0014 C e C 0 2 0  
-78.4 -5.0029 Oe0032 
-67.3 -5.0024 0.0028 
- ? ? . A  -2eCOC9 0.0014 

11.1 0.3907 -0eOOO1 
45.3 7.0929 -GeQ014 
50.4 0.0023 -0eCOl6 
31.6 c1.0015 -0.0009 
-8.4 -0.0001 Oe0005 

-39.8 -0.0013 O.OC17 
-16.0 -0.0305 0.0007 

2 2 r 0  0.oocs -C .CCCR 
16.2 Oe0906 -000097 
-6.8 -0.0305 0.0001 

-1.1 -3.0005 -0e0004 
-0.3 -0e0004 -Ce C $03 
- 3 ~ 4  -0.0005 -0e0003 
- 4 . 9  -C.OOfb -0e0002 
-5.1 -Oe0005 -CeC001 
-5.7 -GeOOC6 - 0 e O J 0 2  
-5.7 -0.0006 -3e0001 
-7.7 -CeOOC4 0 ~ 0 0 0 7  
-Pe7 -9.0005 0.0092 

-34.6 -c.o009 o.coi8 

93.a 0.0163 -0.0149 

-5.0 - G e 0 3 C h  O.GCO1 

122 
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I 

1 
2 
3 
4 
5 
6 
7 
e 
9 

10 
1 1  
12  
1 3  
1 4  
1 5  
16 
17 
1 8  
19 
2 0  
21 
2 2  
23  
2 4  
2 5  
26  
27  
2 8  
29 
30 
31 
32  
33 
3 4  
35 
36 
37  
38 
3 9  

41 
4 2  
4 3  
4 4  
4 5  
4 6  
47 
4 8  
4 9  
50 
5 1  
5 2  
5 3  
5 4  
55  
56 
57  
5 8  
5 9  
60  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
67  
6 8  
5 9  
7 0  
7 1  
7 2  

40 

J=  240  T I C € =  0.00C7200 
TOTAL FNERGV I N P U T  ( I N . - L R , I  = 5766.09R 

K I h E T I C  ENERGY ( I N , - L R . l  = 4435.505 
E L A S T I C  ENERGY ( IN . -LP .  I = 202.048 
P L A S T I C  kORK ( I N . - L 8 . I  = 1128.444 

NC F C P C I F l G  FlJNCTIClN TS 4CT I Y G  O t I R l h l G  T H I S  CYCLE 

V 

0.5342 
1. 1672 
1.7886 
2,3931 
2.9756 
3.53c7 
4.C533 
4.5390 
4.5P27 
5.3792 
5.7250 
6.01EE 

6.4252 
6.53c5 
6. 5801 
6.5616 
6.4785 
6.3342 
6.1248 
5.8416 

6.2564 

c. 482 5 
5.C510 
4.5643 

3.4921 
2.9250 

1.7604 
1.1773 
0.6C47 
0.0866 

-0.3771 
-0.7995 
-1.21cs 
-1.6349 
-2.CRCY 
-2.  6 8 1  5 
-3.1529 
-1.4557 
-3.7463 
-4.0742 
-4.4325 

4e041C 

2r345E 

-4.8laE 
-5.22 5 h  
-5.6430 
-6.0450 
-6.4190 
-6.7492 
-7. 02060 
-7.2224 
-7.3503 
-7.4119 - 7.41 E 4 
-7.3793 
-7.2C80 
-7.17C5 
-6.990R 
-6.7521 
-6.4546 
-6,1091 
- 5.7222 
-5.2955 
-40 8254 
-4.2181 
-3 * 7 7 9 5  
-3.2107 
-2.6186 
-2. 0070  
-1.38C8 
-0 e 7 4  5 2 
- 0 , l O S i  

w 

-7,1417 
-7.C45t 
-6.9917 
-6.bB13 
-6.4157 
-6.0069 

-5.3 102 
-4. E488 
- 4.3462 
-3.8074 
-3.2385 
-2.6440 
-2.0214 
-1 e 3560 
-C1757L 
- C .  1169  

0.5182 

-5. i 2 7 4  

1.1424 
1.1477 
2,3223 
2. e531  
3.3268 
3.7437 
4.1136 
4.4442 
4.7422 
5.016C 
5.2763 
5.5427 

6.2199 
6 . t E 1 5  
7.1929 
7*  7275  
E.2518 
P.7242 
F. 5748 
8.542C 
7.9745 
7.4026 

6.3211 
5.@C52 

4.8272 
4.1284 
3,8C82 
3.2592 
2.6788 
2. ( 7 0 0  
1.4422 
C.RC5R 
C e  1652 

-C.4742 
-1e lC95  
-1.7373 
-2.3521 
-2.9466 
-3.5139 
-4,0534 
-4.5649 
-5,041P 
-5.4773 
-S.Eh@b 
-6 e 2 1 4 1  
-6a51C8 
-6,7556 
-6,9463 
-7. C R 14 
- 7 , 1 5 5 5  
-7.1797 

5 . ~ 3 5 9  

6.e533 

5.31 35 

h Y STRAIN S T R d I N  
( I Y I  ( O U T )  

34a.h -11.7 -0.0002 5.0307 

15.3 -14.2 -C.0005 OeCC06 
E P s C  -16.0 -Ce00C6 5.COC7 
18.6 -17.2 -0.0007 C.COO7 

-80.0 -17.7 -0.OCCP 0.C90C 
116.8 - 2 Q . i  -CeC337 0.0OGQ 
106.4 -26.8 -0.001C 0.@011 
-10.3 -26.2 -0.0010 0.0310 
125.4 -16.3 -0.03C5 0.C3C7 
22C.1  -23.6 -Ce@707 CeCO11 
252.3 -50.3 -0.0017 0.0021 
2eC.5 -48.9 -0.C017 O e O O Z 1  
324.7 -24.6 - t o 0 3 0 7  C . C O 1 2  
506.7 -28.9 -Ce0G07 G.CO15 
619.0 -35.9 -C.0(109 0.0019 
688.6 -24.4 -0.0074 0.0015 
833.5 -47.6 -0.3012 0.0025 

554.3 -117.3 -0eOO43 0.0054 
695.3 -128.5 -3.004P 0.0063 

43q.i  -13.5 -3.ooni 0 . ~ ~ 0 7  

i49.e -12.8 - 0 . 0 0 ~ 4  0 . 0 0 ~ 6  

716.9 -95.5 -0.rc3i c.co42 

762.3 -92.2 - 0 . ~ ~ 2 9  o.n?4z 
747.2 -15.1 3.0000 0.0012 
725.8 36.0 0.0523 -3.0008 
624.2 74.3 0.0033 -0.0324 
485.3 115.8 O.Cl48 -0.0040 
449.3 131.4 0.0068 -000057 
469.5 151.1 0.0101 -0.0089 
537.9 167.5 0.0143 -de0115 
59C.4 177e9  0.0295 -0aC157 
61t .2  15e.6 0.0299 -0.0157 
711.0 136.1 3.0396 0,0036 
656.7 39e9  0.0472 0.0233 
703.9 -51.1 0.0585 0.0470 
545.9 -127.5 C.0581 G.0542 
399.8 -182.2 -0.0235 0.0423 
170.4 -213.2 -7.0872 0.1183 
17C. 1 -150.5 -0.0263 0.0229 
334.2 -120.6 0.0096 -0.0037 
577.9 -71.8 9 ~ 0 1 6 0  -0,0145 
654.8 32.5 0.0121 -0.0156 
895a5 46.5 0.0152 -0.0124 

1013.0 141-2  OeO14C - C e O l l l  
1157-3  145.0 9.0122 -C.C091 
1111. 8 123.2 0.0066 4 . 0 0 4 3  
1058.C +?e3 0e0040  -010023 
1065.q 1 3 * 6  0.0914 0.0003 
101C.1 -42.4 -0.0008 0.0024 
“89.4 -75.3 -0,0021 9.0037 
867.3 -52.0 -0.0925 0.0038 
55C.2 -44.7 -0eOOl‘J 0.0024 
809.P 3 * 5  r).0008 0.0005 
811.3 4 0 - 9  0.0022 -0.C039 
825.2 53.7 O.OC27 -0.0014 
944*6 3 5 - 9  0.0721 -0.0006 
9 8 1 - 1  8.5 0.0011 0.0004 
875.2 -76.0 -0e0003  OeCC17 
q31.3 -35.6 -0.Oi)Gb OaC’32l 
9OC.O 1.9 C.0008 0.C006 

1062.8 26.7 0.001Q -0.3002 
1148.1 6 e 4  0*@012 O e ? O O 7  
l l l C . 4  -13.1 0.0004 OeOC14 

l l E 3 - 5  -0.2 0e0CC9 C e C C O 9  
l l l h e 7  -2.1 1IeO308 0.@010 
114501  -5.6 0.0307 C.0011 
1074.4 -6.4 CoQC06 OeO011 

1105.9 -7.3 0.01C6 0 ,3012  

1033.4 -6.5 i ) m r h  o.0011 
scz.4 -7,4 0.~1004 o.n’~ic)  
763.0 - q e 5  G $ O O C 3  O.OCC9 
6 8 6 , l  -Q,5  0.L1902 OoO0OQ 

F I R S T  Y I E L C I N G  AT T I M E =  Op7OC096 123  
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B.6.2 Example 2: A Single-Layer Ring with Forcing 

Function Provided bv TEJ 2 

I n  t h i s  example, a 2024-T4 aluminum r i n g ,  dup l i ca t ing  t h e  dimensions 

of t h e  test  r i n g  used i n  NAPTC containment r i n g  T e s t  91, i s  ac ted  upon by 

the  ex te rna l  fo rces  ca l cu la t ed  by TEJ 2 as descr ibed i n  Subsection 3.4. The 

following dimensions and c h a r a c t e r i s t i c s  are those of  t h e  r i n g  used i n  T e s t  91: 

Radius to  inner  sur face  = 8.657 i n .  

Radial th ickness  = 0.152 i n .  

Axial l ength  = 1.506 i n .  

The forc ing  func t ion  is t h a t  descr ibed i n  Table 3,  except t h a t  t he  

mass s t a t i o n  numbers a t  which t h e  time-dependent f o r c e s  are appl ied  have been 

changed so t h a t  mass s t a t i o n  number 1 can occur a t  8 = 0 as it does f o r  the  

J E T  2 program. 

The s t r e s s - s t r a i n  curve f o r  2024-T4 aluminum can be approximated by 

the  following s t r e s s - s t r a i n  coordinates:  (0,~): ( 0  p s i ,  0 i n / i n ) ;  

(50,000, 0.005) ; (56000, 0.030) ; (62000,0.080). St ra in - r a t e  e f f e c t s  a r e  oon- 

s idered to  be neg l ig ib l e ,  and t h e  d e n s i t y  i s  0.2524 x (lb-sec ) / i n  . 2 4  

The number of  m a s s  p o i n t s  used t o  descr ibe  t h e  complete r i n g  i s  72. 

The c r i t i ca l  time i n t e r v a l  f o r  t h i s  r i n g  i s  obtained by using the  

smaller of the  t w o  c r i t i ca l  times from E q s .  B1 and B2. These are ca l cu la t ed  

where 

.1 24 



Since AT i s  t h e  smaller of t h e  two, a value f o r  AT chosen must be less than 

t h i s .  The time between camera frames i n  the  high-speed motion p i c t u r e s  of 

T e s t  91 w a s  30.1 psec. 

Thus, every 1 0  computation cyc le s  w i l l  conform t o  each camera frame. 

Long 

-5 
Therefore,  a value of AT = .301 x 10 sec i s  chosen. 

L e t  t h e  program compute 800 cyc le s  (about .002400 sec.)  ; a p r i n t o u t ,  

conforming t o  the  camera framing t i m e s ,  is des i r ed  a t  1 0  cyc le s  and every 

10  cyc le s  t h e r e a f t e r .  

B.6.2.1 Input  Data 

The va lues  t o  be punched on the  d a t a  ca rds  are as fol lows:  

Format 

3E15.6 Card 1 

R = +Oe865700E+01 (Radius t o  inner  sur face)  

B = +O. 150600E+01 

DELTAT = +0.301000E-05 

Card 2 615 

N = 72 

NRING = 1 

M = 300 
M1 = 10 

142 = 10 

I N D  = 0 '  (no bonds t o  test)  

I 5  Card 3 

NSFL(1) = 3 

Card 4 is  no t  used since I N D  = 0 

4E15.6 Card 5 

H = +0.152QOQE+OO 

RHO = +0.2524OOE+OO 

D = +O.OOOOOOE+OO 

P = +0.000000E+00 

St ra in - r a t e  e f f e c t s  are con- 

s idered  to  be neg l ig ib l e  I 



Format 

4E15.G 

E P S I L ( 1 , l )  = +0.500000E-02 

SIGMA(1,l) = +0.500000E+05 

EPSIL(2,l) = +0.300000E-01 

SIGMA(2,l) = +0.560000E+05 

Card 6ab 

EPSIL(3,l) = +0.800000E-01 

SIGMA(3,l) = +0,6200003+05 

Card 7 

N o  i n i t i a l  impulse loading 

i s  s p e c i f i e d  

IOTA = 0 

Nv = o  

Cards 8 and 9 are not  required s ince  IOTA = 0 

Card 10 

"BEGIN = +O. 000800E+00 

TFINAL = io. 6OOOOOE-03 

IlYPlTY = +O. OO0000E+OO 

ANPlM = +O.OOOOOOE+OO 

Card l l a  

T o t a l  forc ing  funct ion 

lasts 600 psecs. 

Forcing func t ion  has zero 

amplitude a t  t = 0 

2E15 .6  

215 

4E15 -6 

EX 6,15, 
2315-6 

T2 = +0.3010QOE-Q4 

30LT - 2  Indicates t h a t  t h e  force d i s t r i b u t i o n  

to  be defined by c a r d s  which f o l l o w .  

AMP2TY = +0.780000E+02 These d e f i n e  the  nominal forces ampli- 

ANPZRz = +0.295000E+03 tudes  a t  the second force vs enre 

coordinate 

Card 12 2x5 

HQF -- 5 (Nuanber of mass points  which are acted u p n  by 

external forces)  

( Ind ica t e s  that the input values of f o r c e  are y , z  

d i r e c t e d ,  not radial and t ~ g e n t i a ~ ~  

NRTYZ = 2 



Format 

Card 13a I5,2E15 a 6 

MASSNO = 27 

GTY (MASSNO) = +0.190000E+00 These a r e  the  r a t i o s  of t he  fo rces  

a c t i n g  on m a s s  s t a t i o n  27 t o  those 

a c t i n g  on m a s s  s t a t i o n  29 which w i l l  be 

used as the  normalizing fo rce  va lues  

GRZ (MASSNO) = +O. 260000E+00 

Card 13b 

MASSNO = 28 

GTY (MASSNO) = +O. 500000E+00 

GRZ (MASSNO) = +O. 640000E+00 

Card 13c 

WiSSNO = 29 

GTY (b3SSNO) = +0.100000E+01 

GRZ (MASSNO) = +O. 100000E+01 

Card 13d 

MASSNO = 30 

GTY (PIASSNO) = -to. 580000E+OO 

GRZ (MASSNO) = +O. 550000E+00 

Card 13e 

PllASSNO _ =  31 

GTY (MASSNO) = +O. 080000E+00 

GRZ (MASSNO) = +0~170000E+00 

Cards 11 through 13 are repeated f o r  each fo rce  vs  t i m e  coordinate  

a s  l i s t e d  i n  Table 3 u n t i l  t he  l as t  Card No. 11 gives  zero amplitude a t  

time = +0.600000E-03 

15.2E15.6 

I 5  I 2E15.6 

I5,2E15 e 6 

15,2E15.6 

The to t a l  i n p u t  d a t a  deck f o r  t h i s  example problem should appear as  

fol lows : 





+ U e 0 4 d 0 0 0 k + 0 0  
+ U , L 9 O O O O E + 0 0  
+0.100000E.+01 
+ c) 0 d 1 0 0 0 ot + 0 0 
+ 0 s L S 0 9 0 0 t i + O U  
+ 0 s 2 4 L O O O E + O L  



+Oe28ZOOOE+03 

+Ue247000E+03  

+ 0 * 2 100 0 OE+O 3 

* O e O O O O O O E + O O  



B . 6 . 2 . 2  Solut ion Output f o r  Example 2 

The so lu t ion  p r i n t o u t  i s  as follows: 

J E T  2 A P K I G R A M  U S E D  T t f  C A L C U L A T E  T r l E  K E S P 3 N S E  OF A F R E E  
C I R C U L A R  M U L T I - L A Y E R E D  R I N G  WITH T H E  F i I L L d b I N G  P P R P M E T E R S e -  

8 0 6 5 7 3 3  R A D I U S  OF K I N G  T O  I N N E R  S U R F A C E  ( I Y e l  - 
d I D T H  OF R I N G  I N e  1 - - l a  506'39 

9 , 1 5 2 3 0  T H I C K N E S S  OF R I N G  ( I N ,  - 
C E N T R O I C A L  D I S T A N C E  F K C M  IiLRJEK S U R F A C E  ( I N .  1 = 0 e 0 7612d 

- 

- 

7 2  - N U Y B E R  OF M A S S  P i l I N T S  I I S E U  I N  THE R I N G  - 

IVIJYBkR OF L A Y E R S  USED I N  Y I Q G  CKilSS S E C T I O N  = 1 

4 - NIJMHER OF CCINTR*3L S T A T I O I J S  USED I N  L A Y E R  1 - 

w M a m  UF M ~ C H A N I C A L  S U B L A Y E R S  A T  E A C H  
3 
d 

- C C N T ' R C L  S T A T 1 3 4  I N  L A Y E F i  1 - 

T H I C K N E S S  OF L A Y E R .  1 - - (je 152:!0 

T I M E  I N T E R V A L  P E R  C Y C L E  USED I N  P K J G K 4 Y  ( S E C )  = 0 . 3 0 3 Y 9 2 9 1 E - C 5  

T H E R E  I S  NO I N I T I A L  I M P U L S k  

S T A R T I N G  T I M E  OF F L I K C I N G  FUNCTION I S E C )  = 013 
S T J P P I N G  T I M C  &F F C J R C I N G  F U N C T I O N  ( S k C )  = Oe0dLlh:301! 
D U K A T I O r V  OF T H E  F J K C I F J G  F U N C T I J N  f S E C )  = 0*030503C 



I 

1 
i 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12  
1 3  
14 
1 5  
16  
1 7  
1 R  
19 
20 
2 1  
2 2  
2 3  
2 4  
2 5  
2 0  
27 
2 8  
29 
3 0  
31 
32  
33 
3 4  
35  
3 6  
3 7  
3 8  
39 
40 
4 1  
42 
43  
4 4  
4 5  
46  
47  
4 8  
49 
56 
5 1  
52 
53 
5 4  
55 
56 
57  

5 9  
6 0  
6 1  
6 2  
6 3  
64 
6 5  
66 
6 7  
6 8  
6 9  
7b 
7 1  
72 

5 a  

J= 0 T IME= 0.0 
TOTAL €NERGY INPUT ( I N a - L B e I  = 0,o 

K I N E T I C  ENERGY ( IN , -LR,  I = 0.3 
E L A S T I C  ENERGY ( I N , - L B . I  = 3.0 
P L A S T I C  HORK ( I N . - L R . l  = 0.7 

THE NOMINAL FORCE AMPLITUDE DURING T H I S  CYCLE 15 c - 5  L9S 

THE FORCE D I S T R I B U T I J N  DURING T Y I S  CYCLE 
IS D E F I N E U  BY NORMALIZE0  INPUT VALUES OF G Y ( I I ,  AND G 7 ( I )  

V 

0.380 9 
1.1359 
1.8902 
2.6261 
3.3420 
4 . ~ 3 2 4  
4.6922 
5.3163 
5.8999 
6.4386 
6.9284 
7.355 3 
7.7463 
8.6682 
9.3288 

8.6583 
8.7247 
8.7247 
8.6583 
8. 5260 
8.3288 
8.0682 

a. 5260  

7.1463 
7.3653 
6.9284 
6.4386 
5.8999 
5.31 63 
4.6922 
4.032 4 
3.342 0 
2.6261 
1.8902 
1.1399 
0.3809 

-0.3809 
-1.1399 
- l e 8 9 0 2  

-3.342 0 

-4.6922 
-5.3163 
-5.89’39 
- 6  * 43 E 6 
-6.9284 
-7.3653 
-7.7463 
-8.3682 

-8.5265 
-8.6583 - 8.7247 
-8e7247  

-2.6261 

-4.0324 

-8.32 e8 

-8.6583 
-8 ,5260  
-8.3288 
-8.06112 
-7.7463 
-7.3653 

-6.43 86 

-5 ,3163  

-6.92e4 

-5. a995 

-4.6922 
-4 .0324  
-3.3420 
-2,6261 
-1.8902 
-1.1399 
-0.3809 

W 

-8. 7247 - 8.6583 

-8.3288 
-8.0682 
-7.7463 

-6.92 84  
-6.43 86 
-5.8999 
-5.3163 
-4.6922 
-4.C325 
-3.342C 
-2.6261 
-1.8902 
-1.1399 
-0.3810 

C. 3810 
1.1399 
1.8502 
2.6261 
3.3420 

-8.5260 

- 1.3653 

4.032 5 
4.6922 
5.3163 
5.8999 
6.4386 
6.5284 
7.3653 
7.7463 
E. 0682  
8.3288 
8.5260 
8.6583 
8.7247 
8.7247 
8.6583 
8.5260 
E .  3288 
8.3682 
7.7463 
7.3653 
6.9284 
6.4 386 

5,3163 
4 ~ 6 9 2 2  
4.0325 
3.3420 
2.6261 
I r  8902 
1.1399 
C. 3810 

-0.3810 
-1.1399 - 1.8902 
-2 6261 
-3.3420 
-4.3325 
-4.6S22 
-5.3163 
-5.8999 
-6 *4386  
-6,9284 
-7.3653 

-8.0682 
-8.3288 
-Ee5260  
-8.6583 

5. 8999 

- i. 1463  

-a, 7247 

N 

0.0 
0.0 
0.0 
0. 0 
0.0 
0 e o  

0.0 
0.0 
010 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 * 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
G.0 
0.0 
o*o  
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
O h 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.G 
0.0 
0,o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o*o 
0 - 0  
0.0 
0.0 
0.0 

( I N )  
0.3 0.d 
3.0 0.0 
3.3 5.3 
0.3 0.0 
G.G 0.0 
J.0 3.0 
0.0 0.0 
0.0 0.0 
0.0 o * o  
0.0 3.0 
0.0 0.0 
9.0 5.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.3 
0.0 3.0 
0.0 0.3 
0.0 0.0 
0.0 0.0 
0.0 0.0 
9.0 0.0 
0.0 0.0 
0.0 0.3 
0.0 0.0 
3.0 0.0 
G.0 0.0 
3.0 0.0 
3.9 0.0 
0.0 0.0 
0.0 0.0 
9.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.0 0.0 
0.0 3.0 
0.3 0.0 
0.0 0.5 
5.0 0.0 
0.0 0.0 
0.0 0.3 
3.C 0.3 
0.0 3.0 
0.0 0.0 
0.0 0.0 
0.G 0.0 
0.u 0.0 
0.0 0.0 
G.0 0.0 
0.0 0.0 
0.3 0.0 
0 e d  0.5 
3,o 0.0 
0.0 0.3 
6.0 0.c 
3.F 3.3  
C.0 0.G 
3.0 0.3 
0.u 3,o 
3.0 0.0 
0.3 090 
G.J 3.3 
G,3 0.0 
0.0 0 - 3  
3 * 0  3.0 
deb 3.0 
0.U *J-0 
0 .0  0,J 
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M S T R A I N  S T R A I N  L A Y € @  
( iJUT 1 1 

0,0 
0.0 
0.0 
o * o  
3.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0 .o 
O r  0 
0.0 
0.0 
0 .C 
0.0 
0.0 
3 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
9 .O 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0.0 
0 .o 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
G e o  

0.0 
0.0 
0.0 
0.0 
0 ,6 
0.0 
0.0 
0.0 
0.0 
0 e o  

0.0 
0. 0 
0.0 
3 e  0 
0,0 
0.0 
0.0 
0 e o  

0.0 
0.0 
0.0 



I 

1 
2 
3 
4 
5 
6 
1 
b 
9 

11 
12 
13 
14 
15 
16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
35 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4C 
41 
42 
43 
4 4  
u5 
46 
41 
48 
49 
50 
51 
52 
53 
54 
5 5  
56 
5 1  
5 8  
59 
6 3  
61 
62 
63 
64 
6 5  
66 
6 1  

1 ri 

b8 
b9 
1G 
71 
12 

J= 10 T I M E =  0.0000301 
TOTAL ENERGY INPUT ( IN . -LH, )  = u. 4 8 3  

K I N E T I C  ENERGY ( IN.-LB,)  = 0.406 
E L A S T I C  ENERGY ( I h o - L B a )  = 0.019 
P L A S T I C  WORK ( IN . -LB. )  = 0.357 

T H E  NCPINAL FORCE AMPLITUDE D U R I h G  T H I S  CYCLE I S  

THE F O R C E  D I S T R I B U T I d N  DURING T H I S  CYCLE 
I S  THE SAM€ AS L A S T  P R I N T E D  

V 

9.38C9 
1.1399 
1.89C2 

3. 342 0 
4.032 4 

2.6261 

4.6922 
5.31 E3 
5.8999 
6.43E6 
6.9284 
7.3653 

8.0682 
8.3288 

7.7463 

8.5260 
8.6583 
8.7247 
8.7247 
8.6583 
8.526C 
8.3288 
8.0682 

7.3653 
6. 9283 
6.4387 

7.7462 

5.9001 
5.3168 

4.032 5 
3.341 9 
2.6260 
1.8901 
1.1399 

4.692 5 

0.3809 - 0.38C9 
-1.1399 
- 1.8902 
-2.626 t 
-3.3420 

-4.6922 
-5. 3163 
-5.8999 
-6.4386 
-6.9284 
-7,3653 
-1.7463 
-8.0682 
-8.328d 
-9,5260 

-4.0324 

-8.6593 
-8.7247 
-8.7247 
- 8. b5 E3 
-3.5260 
-8.3288 
-8.0682 
-7 e 7463 
-7.3653 
-6.9284 
-6.4386 
- 5.8994 
-5.3163 
-4.6922 
-4,0324 
-3,3420 
-2,6261 
-1.89C2 
-1.1399 
-CI03809 

w 

- 8.1247 
-8.6583 
-E.5260 

-8. 0682 
- 1.7463 
-7.3653 
- 6.9284 
-6 4386 
-5.8999 
-5.3163 
-4.6922 
-4.0325 

-a.3288 

-3.3420 
-2,626 1 
-1.8992 
-1 o 1399 
-0.3813 
0.3810 
1.1399 
1.8902 
2.6261 
3.342 0 
4.032 5 
4.6923 
5- 3 164 
5.9001 
6.4391 
6.9292 
7.3659 
7.7464 
8.0683 
8.3288 
E .  5260 
8.6583 
8.7247 
8.7241 
8. h583 
e. 5260 
6.3288 
8.9682 
7.7463 

~ 7.3653 
6. 4284 
6.43 86 
5.8999 
5.3163 
4.6922 
4.3325 
3.3420 
2.6261 
1- 8902 
1.1399 
0.3810 

-1.1399 
-1.8902 
-2.626 1 
-3.3420 
-4.0325 

-0.3810 

-4.6922 
-5.3163 
-5 0 8999 
-6.4386 
-6.9284 
-7.3653 
-1.7463 
-8.0682 
- 8.3288 
-8.5260 
-8.6583 
-5,7247 

N 

0. c 
0.0 
0.0 
0.0 
O I 0  
0.0 
0.0 
0.0 
0.0 

-0.0 
0.3 

-0.0 
0.0 

-0.0 
0.0 

-0.0 
0.0 
-0.0 
0.0 
Oe6 
3.5 

12.3 
29.9 
54. b 
81.6 

111.5 
147.1 
155.6 
124.9 
24.5 

-27.9 
-30.3 
-31.7 
-29.2 
-23.4 
-13.3 
-4.4 
-0.7 
-0.0 
0. c 

-0.0 
0.0 

-0.0 
0.0 

-0.0 
0.0 

-0.0 
0.0 
0 e o  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
OS.3 
0.0 
0.0 
0.0 
0.0 
c.0 
0.0 
0.0 
oeo 
0-0 

M S T R A I N  

0.J 3.0 
2.9 3.u 
0. J 9.3 
3.i' 0.0 
3 . 3  3 . u  
0.0 0.3 
0.7 0.0 
0.3 3.3 
3.3 3.0 
O.u u.0002 
5.3 s.oo0c 

-0*G -3.0000 
0.0 0.3003 

-0.0 -3.0000 
'J.0 Oec300 

-5. 3 -0. 03iju 
0.0 9e0000 

- J e O  -5.(1300 
-0.0 -0.0000 
-0.0 0.0006 
- 0 e o  d.3000 
-O.u '3.c000 
-5.0 0.0000 
-0.0 0.0000 
-0.5 0.0000 
1.3 *.c301 
1.1 3.0001 
1.1 3.3301 

-6.1 - 0 e O C ) O i  
-0.9 -5.5300 
2.8 0.0000 
0.6 - S . O J O O  
0.0 -0.0000 
0.0 -0.0003 
0.0 -0.0300 
3.0 -0.000u 
3.0 -0.0000 
3.0  -0.0000 
3.0 - 0 . 0 ~ 0 0  

-0.0 -00 OOGG 
3.0 0.0000 

-0.0 -0.0039 
3 , )  0.00c0 

-0 e 0 -0 e330  5 
0.3 0.3003 

-OSS - 0 . 0 0 0 ~  
- u e J  -Ue20G0 

5 . 3  0.c9c0 
5.3 3.0 
3.0 0.0 
0.0 0.0 
3.3  0.0 
3.3 0.0 
0.3 0.5 
5-U 0.0 
3.0 2.0 
3.c 0.3 
3.3 0.3 
0.0 0.d 
3.0 0.3 
0.0 3 .0  
3.J 0.3 
3.0 0.0 
0.0 u.0 
0.0 0,G 
0.3 0.0 
7.3 0.3 
0,o 0.0 
0.5 3.0 
Je 0 0.0 
0 , s  
3.0 0.u 
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( I N )  
STRAIY 

( OlJT ) 
0.0 
0 00 
0.0 
e. 0 
0.0 
0.0 
0.0 
0 .o 
0. c 

-0 .oooo 
-o* 0000 

J e G O O C  
-0.3303 

O.ODO0 
-0.0'300 

0.0000 
-3.0000 
d.0300 
0.0000 
0.0000 
0.0000 
0.009C 
0.0000 
0.ooi)o 
0.0000 
0.0030 
0.0000 
0,0000 
0.0?302 
0.3000 

-0 e000 1 
-0.0 oon 
-0.0000 
-0.0303 
-0.0030 
-0.0300 
-0.0030 
-0. ooo', 
-0.5000 

0.0000 
-0.0000 

3.0030 
-0.0000 

c.0030 
-0.0000 
0.0000 
0.0000 

- 0 e G O C 3  
0.0 
3 s o  

0.0 
0.0 
0.0 
0 e o  
3.0 
0.0 
0.0 
0 e 3  
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 ec) 

0.0 
0.0 
0-9 
0.0 
0 - 0  
3 - q  

305.1372 L 9 S  

LAYEK 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
1 4  
15 
16 
1 7  
18  
19 
2 0  
21  
22 
2 3  
2 4  
2 5  
26 
27 

2 9  
30 
3 1  
32 
33 
3 4  
35 
3 6  
37 

39 
4 G  
41 
42 
43 
4 4  
45 
46 
47 
48 
4 9  
50 
5 1  
52 
53 
54 
55 
5 6  
57 

5 9  
60 
6 1  
62 
6 3  
6 4  
6 5  
66 
67  

6 9  
7 0  
71 
7 2  

2a 

3a 

5 a  

6a 

J= 2 0  T I W E =  0.0000602 
TOTAL ENERGY I N P U T  ( I N , - L B e )  = 5.372 

K I N E T I C  EYERGY ( I N , - L d . )  = 4.583 
E L A S T I C  ENERGY ( I N , - L B . )  = 9.436 
P L A S T I C  RSRK ( I N . - L R e  = 0.351 

THE NCWtNAC FORCE AMPLITUDE DURING T H I S  CYCLE I S  

THE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE 
IS THE SAME A S  LAST P R I N T E D  

v 

5.3809 
1.1399 
1.8902 

3.342 0 
4.0324 

2.6261 

4.6922 
5.3163 
5. a999 
6 .438 t  
6.92 84 
7.3b53 
7.746 3 
8.0682 

8.5260 
8.6583 

8.32a8 

8.7247 
8.7247 
8.6582 
8.5259 
8.3286 
8.0679 
7.745 8 
7.3647 
6.9276 
6.4387 
5.901 8 
5.31 99 
4.6943 
4.0329 
3.3420 
2.6260 
1.8901 
1.1398 
0.3839 

-3.3810 
-1.1399 
-1.8902 
-2.6261 
-3.3420 
-4.0325 
-4.0922 
- 5.31 63 

-6 a 43  86 
- 6 0  9284  
-7.3653 
-7.7463 
-8e0682  

-8.5265 
- 8 e 6 5 & 3  
-8.7247 - 8:72 47  
-8.6583 
-8.5260 

-de0682  
-7.7463 
-7.3653 
-6.9284 
- 6,4386 
-5.8999 
- 5.31 63 
-4.6922 
- 4 0 0 3 2 4  
- 3.3420 
-2.6261 
-1.8902 
-1 .1399 
-0,3809 

-5.13999 

- ~ . 3 2 a a  

- 8.328a 

w 

-8.7267 

- & e 5 2 6 0  
-8.3288 

-7 .7463 

- 8.6583 

- 8. 3682 

-7.3653 
-6.  5284 

-5.8999 
-5.3163 
-4.6922 
-4.0325 
-3.3420 
-2.6261 
-1.8902 
-1.1399 - C. 3 809 

0.3811 

-6.43 a6 

1.1431 
1.8904 
2.6264 
3.3424 
4.0329 
4.6927 
5.31 69 
5.9014 
b e  442 1 
6.9341 
7.3690 
7.7471 
8.0682 
8.3288 
8.5260 
0.6583 
8.7247 
8.7247 
8.6583 
8.5260 
8.3288 

7.7463 
7.3c 53 
6.9284 
4.438b 
5.8999 
5.3163 
4.6922 

8 . w ~  

4.0325 
3.3420 
2.6261 
1.8902 
1.1399 
0.3810 

-0.3810 - 1 e 1399  
-1.d902 
-2.6261 
-3.3420 
-4.0325 

-5.3163 

-6 e 4 3 86 
-6.92 84 
-7.3653 
-7.7463 - 8.0682 

-8.5260 

-4,6922 

-5.8999 

-8,3288 

-a. 7247  
-8.6583 

N 

0.9 
-0.0 
0. 0 

-0.0 
(1. 3 

-0.3 
0.3 

-0.3 
0.0 
0.0 
0.1 
0.7 
3.2 

10.5 
25.5 
4 8 .  0 
74.0 

100.7 
130.5 
165.6 
236.4 
256.3 
303.1 
335.7 
382.5 
433.9 
492.1 
502.0 
375.7 
203.5 

96,8 
102.2 
74e 7 
43.2 
27.2 
16.4 

7.2 
-7.4 

-21.2 
-27.4 
-29 * 1 
-27.6 
-20.5 
-10.7 

-3.7 

-0.1 
-0.0 

0.0 
0.3 

-0.3 
0.0 

-0.0 
0.5 

-0.5 
0.0 

-0,o 
0.0 

-0.9 
0.0 

-0.0 
0 .o 
-0.0 
0.0 
-0.0 
-0. (I 
0.3 
-0.0 
0.0 

-IJ.V 
0.0 

-0,o 

-0.8 

M STRAIU STRAIN 
( I N 1  ( O U T )  

3I9 0.0;)OJ -c.3ooc 
-3 .3  - 3 r 3 3 0 3  O.OOO@ 
5.3 0.7oou -0.0’30~ 

-c.0 -0.ooou O.C’30? 
3.0 De0000 -O*GOO? 

-91 0 -0 .  GOO3 ifmCCJ00 
0.3 o.uoc0 -0.0000 

-3.0 - 0 m G O C i r  OmOOGO 
-0.5 - L O O 0 0  0.0000 
- 3 . 0  -3.0000 0.0’)00 
-0.0 -0.0000 0.03c.3 
-2.G IeG300 C.0030 
-3.0 0.0ooc 0.0000 
-3.0 O*OOGO 0.0909 
-9.0 3.0000 5.0030 
-3.7 0.3000 0.0000 
-0.0 0.0300 0.0050 
-5.1 3.0000 0.0000 
-0.1 0.0301 0.0001 
-0.1 0.0001 0.0001 
-0.1 3.0001 i.0001 
-0.1 0.0901 0.0001 
-0.2 0.0001 o.co01 
-3.5 3.0051 G.0002 

0.9 0.0002 G.0002 
9.4 0.0004 G.0000 

11.5 0.0004 0.0000 
1.3 0.0302 0.0002 

-41.4 -0.0005 0.0509 
-5.5 -0.0000 0.0002 
17.5 0.0003 -0.0503 

7.5 0.0002 -0.0001 
0.2 0.0005 O e O 0 G O  

-3.3 3.0900 0.0000 
-5.3 0.5300 0.0500 

0.0 0.0303 0.0000 
3.0 5.0303 3.3300 
9.3 -‘J.O00J -0.0000 
9.0 -3.0000 -0.0050 
0.0 -0.0000 -3.0000 
5.3 -5.0900 -0.00JC 
9.0 -1).oco0 -3.0303 
9.0 -3.0930 -0.0000 
0.0 -5.0300 -0.0030 
0.0 -3.0303 -0.000c 
c.0 -0.ooc0 -J.O00C 
4.0 -9.0300 -0.0030 
0.0 0.0000 -0.0030 

-3.3 -5,JSCJ 0.0000 
-0.0 -0.0000 0.5000 
0.0 0.ouou -0.0000 

-0.0 -o,coo0 0.0000 
3.0 3.0000 -0.0000 

-0.4 -0.0000 G.0000 
3 . 3  ’3.0000 -GaGOOP 

-0.3 -0.soco 0.1003 
3 - 0  3.0700 -O.OOO@ 

-2.0 -7.0000 O.GO00 
0.0 3.3000 -0.0000 

-3.0 -0.0305 G.0000 
9 e 2  0.0000 -0.0000 

-0-0 -3.0000 0.0’300 
O e O  3eG303 -0,0000 

-0.5 -0,0000 0.0000 
3.0 0.0300 -0.0000 

- 3 , O  -3.0000 0.0000 
0.0 0.0000 -O.@30ll 

0.0 0.0000 -0.0000 
-3,O -0.0300 G.0000 
3.0 0.3000 -ir.oooc 

-3.0 -0.0300 0e0000 

-0 .3  -0.03oo o.oo3r 
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535.0229 L 8 S  

LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
5, 

LO 
1 1  
12 
13 
1 4  
1 5  
16 
1 7  
16 
19  
20 
21 
22 
2 3  
2 4  
25 
2 6  
27 
28 
29 
3 0  
3 :  
32 
33 
3 4  
35 
3 6  
37 
38 
39 
40 
41  
42 
4 3  
4 4  
4 5  
4 6  
47 
4A 
49  
50 
51 
52 
53 
54 
5 5  
56 
57 
5 8  
5 9  
6 0  
61 
6 2  
6 3  
6 4  
6 5  
66 
67 
68  
69 
7 6  
7 1  
7 2  

J= 3 3  T I M E =  0.0000903 
TOTAL ENERGY I N P U T  ( I N . - L R e I  = 21.962 

K I N E T I C  ENERGY ( I N s - L B e )  = 18.337 
E L A S T I C  ENERGY ( I N e - L B . 1  = 2 e 6 3 4  
P L A S T I C  WdRK { I N e - L B . )  = 1.010 

THE NCMINAL FORCE A M P L I T U J E  DURING T H I S  CYCLE I S  

THE FORCE O I S T K I B U T I O N  DURING T H I S  CYCLE 
IS THE SAME AS L A S T  P R I N T E D  

V 

0.3809 
1,1359 
1.8902 
2.6261 
3.3420 
4.0325 
4.6922 
5.3163 
5.9000 

6.9284 

70 7463  

6.4387 

7.3654 

8.0683 
8.32 8 8  
8.5260 
8.65 02 
8.7245 
8.7243 
8.6577 
8.5252 
8.3277 
8.0668 
7.7443 
7.3627 
6.9257 
6.4388 
5.9066 
5.3272 
4.6994 
4.0346 
3.3424 
2.6263 
1.8904 
1.1401 
3.3811 

- 0.380 8 
-1.1398 - 1.8901 
-2.6261 
-3.3420 
-4.0325 
-4.692 3 
-5. 3164 
-5.90G0 
-6.4387 
-6,9284 
-7.3654 
-7.7463 
- 8.0682 
-8.32 88  
-8.5260 
-8.6503 
-8.7247 
- 8.7247 
-8.6583 
- 3. 52 60 
-8.3288 

-7.1463 
-7.3653 
-6.9284 
-6.4306 
-5,8999 
-5.31t3 
-4.6922 
-4.0324 - 3.342 0 
-28 6261  
- 1,8902 
-1.1399 
-0.3809 

-a .  06 82 

W 

-8,7247 
-8.6583 
-8. 5260 
-0.3288 
- 8 . 3 6 8 2  
-7.7463 
-7.3653 
-6.7283 
-6.4386 
-5.8999 
-5.3162 
-4.6921 
-4.3322 
-3.3417 
-2.6256 
-1.8896 
-1.1392 
-Ce3802 

0.3819 
1.1410 
1.8914 
2.6274 
3.3434 
4.0339 
4.6936 
5.3179 
5.9044 
6.4500 
6.5451 
7.3770 
7.7 494  

8.3204 
8.5259 
6.6582 
8.7247 
8.7247 
8.6583 
6.5260 
8.3288 
8.0683 
7.7 463 
7.3653 
6.92 83 
6.4386 
5 a8999 
5,3163 
4.6922 
4e 0324 
3.342U 
2.5261 
1.8902 

8.0678 

1.1399 
0.3810 

-0.3820 
-1.1399 
-1.8902 
-2.6261 
-3.3420 
-4,032 5 
-4.6922 
-5.3163 
-5.8999 

- 6.92 84 
-7.3653 
-7.7463 
-8.3682 
-8,3288 
-8,5260 

-6,4386 

-8.6583 
-867247 

1\. 

0.0 
0.0 
L. 1 
0.7 
3.0 
9.1 

21 e9 
42.0 
66.5 
91.5 

117.1 
146.8 
182.0 
221.8 
262.6 
294.5 
320 .5  
360.5 
406.8 
449.0 
501.6 
553.2 
6 20.8 
696.6 
784.5 
883.0 
957.9 
993.6 
810.8 
547.7 
400.7 
349.9 
305.5 
262.0 
221.2 
189.8 
150.5 
124.1 
113.9 

94.2 
66.8 
43.3 
29.0 
20.7 

8.7 
-7.0 

-18.3 
-24.6 
-27.7 
-25.3 
- 1 7 0 5  

-8.8 
-3.2 
-0.9 
-0.2 
-0.5 
-0.0 
-C, 0 

0.0 
0. 0 

-0.0 
0.0 

-0.0 
0 e o  

-0.0 
0.0 

-0.0 
0.0 

-0.0 
0.0 
3. ,l 
0.G 

M S T R A I N  S T R A I N  
( 1 % )  ( O U T )  

-0.0 -3.0000 0.Q000 
-0.0 -0.0000 0,303:, 
-0.0 - 3 e O O G O  O.OC00 
4.0 3.0300 0.0000 
-3.0 J.0500 0.0000 
-3.0 J.0900 U.ODi)C 
-0.0 3.0000 O.OC50 
-3.0 3,0303 c.0000 
-5.0 G.0300 C.COO0 
-0.3 s.0900 3.0000 
-3.1 O e O O O S  0.0001 
-3.1 3.0001 0.0001 
-0.1 3.0001 0.0001 
-0 , l  0.0301 0.0001 
-0.1 0.ocu1 0.0001 
-0.2 0.0001 0.0301 
-C.2 O.GSO1 O.GO01 
-3.2 0.0002 0.c302 
-5.2 0.0002 0.0002 
-0.3 0.00c2 0.0002 
-3.3 OeCOO2 0.0002 
-5.3 3.00C2 0.0002 
-1.0 0.0303 0.0003 
- 1 0 6  3.G003 0.0003 

5.7 0.33u4 0.0302 
29.5 0 e O O @ Y  -0.0301 
42.1 0.0311 -0.0003 

-20.8 3.0501 C.0008 
-99.0 -3.0014 0.0021 
-28.2 -G.C002 0.0007 

45.7 0.0010 -0.0096 
29.3 0 . O O U 7  -0.0004 

2.9 0.0002 0.0001 
-1.7 0.0301 GeOOO1 
-0.4 0.0001 0.0001 
-0.U 3.0UUl 0 ~ 0 0 0 1  
-0.0 0.C301 O e O O G 1  
-0.1 3.0001 C,C001 
-0.0 O.OOC.0 G.OO3C) 
-0.0 5.0000 @.OOOO 
-0.d 0.03GC 0.0000 
-0.0 0.0000 O.GO00 
-0.0 0.00@0 0.0000 
-5.u 0.0000 o.ooi10 

0.0 0.0000 O - G S O O  
9.0 -0.3000 -G.GOOO 
2.0 -0.0000 -5,0000 
0.0 - L G O O O  -0.0300 
0.0 -0.0000 -0.0030 
5.0 -3.0000 -5.0000 
U e L i  -3.OJO0 -u.@ooo 
5.0 -0.03ou -o.oooe 
0.0 -0.0000 -0.090n 
0 . 3  -0.0300 -0.0000 
3.0 -3.oco0 -0.0050 
0.s -G,0000 -0.000c 
0.0 3.9000 -0.0030 

-3 .3  -0.00olj i;.@OOC 
-0.0 -3.0003 @.00@C 
0.0 0~0000 -0.OOOC 

-0.G -d ) .03@@ 0.0000 
0.0 O e G 3 0 G  -~.OOOO 

-0.0 -0.0000 0e.0050 
0-0 0.300c, -u ,Lo)o 

-9.0 -0.0000 CI.OL0C 
lei) 1.0300 -3.C050 

-3.0 -0.osc3 b.OOU0 
3.0 3.03P0 -3,C10@ 

- J a 3  -3.0303 )e0300 
-1.0 - ) . 5 J c >  >.0>30 
-3,J -0.000'5 7.(01c. 

0. o 3 . ~ 0 0 3  -0.00on 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
i l  
12 
'1 3 
1 4  
15  
16 
17 
18 
19 
23 
2 1  
22 
2 3  
2 4  
25 
26 
27 
28 
29 
30  
3 1  
32 
33  
3 4  
3 5  
3 6  
37 
3 8  
3 9  
40 
41  
4 2  
4 3  
44 
4 5  
46 
47 
48 
4 9  
50 
5 1  
52 
53 
54 
5 5  
56 
57 
58  
5 9  
6 0  
6 1  
62 
6 3  
6 4  
65  
66 
6 7  
68  
64  
7 0  
7 1  
7 2  

J= 4 0  T I M E =  G.0001204 
TOTAL ENERGY I N P U T  ( I N . - L B e )  = 54.569 

K I N E T I C  ENERGY ( I N . - L 0 . 1  = 44.020 
E L A S T I C  ENERGY [ INa -LRe I = d e  666 
P L A S T I C  WORK ( I N . - L 8 . )  = 1.883 

THE NOPIUAL FORCE AMPLITIJUE OUKIYG T H I S  CYCLE IS 

THE FJRCE O I S T R I R U T I O N  OURIYG T H I S  CYCLE 
IS T H t  SAME AS LAST P R I N T F D  

v 

0.3810 
1.1430 
1.8903 
2.6262 
3.342 1 
4.0327 

5.3160 
5.9002 

4.692 5 

6.4389 
6.92 86 
7.3655 
7.7464 
8.0682 
8.32E6 
8.52 55 
6.6575 
8.7236 
8.7231 
8.6 562 
8.3233 
8.3254 

7.7407 
7.3582 

6.4392 
5.9150 
5.3387 
4.7088 
4.0386 
3.3435 
2.6271 
1.891 3 

0.381 9 

de 0640 

6.9217 

1.1409 

-0.380 1 
-1.1392 

- 2 - 6 2  56 

-4.0322 

-1.6896 

- 3.341 6 

-4.6920 
-5.3162 
-5.899 8 
-6.43 86 
-6. 9283 
-7.3653 
-7.746 3 

-8.32 88 
-8.5260 
-8.6583 
-8,7247 - 8.7247 
-8.6583 
-8.5260 
-8.3288 
-8.0682 
-7.7463 
-7.3653 
-6.9284 
-6.4386 
-5.8999 
-5,  a t 3  
-4.6922 
-4.0324 - 3.342 0 
-2.6261 

-1.1399 

- 8.06 83  

-1.6902 

-3.3809 

W 

-8.7247 
-8,6583 
-@.5259 
-8.3287 
-8.0681 
-7.7461 - 7.3 651 
-6.9280 
-6.4381 
-5.8993 
-5,3155 
-4. 6912 
-4.0312 
-3.3405 
-2.6244 
-1.8883 
-1.1377 
-0.3 785 

0.3836 
1.1428 
1.8932 
2.6293 
3.3452 
4.0355 
4.6 948 
5. 3197 
5.9c99 
6.4635 
6.9624 
7.3915 

8.0669 

8,5249 

7.7 543 

8.3266 

8.6577 
8.7243 
e.7245 
8.6582 
8.5260 
8.3288 
8.0683 
7.7463 
7*3654 
6.92 84 
6.4387 
5 e9000 
5.3 163 
4.6922 
4.0324 
3.3420 
2.6260 
1.8901 
1.1399 
0.38C9 

-1.1399 

-2.6261 
-3.3420 

-0.3810 

-1. e902 

-4.0325 
-4.6922 
-5.3163 
-5.8999 
-6.4386 
-6,9284 
-7.3653 
-7 e 746 3 
-8.0682 

-8 -5  260 

-8,7247 

-8.3280 

- @ e 6 5 8 3  

N 

59.3 
82.9 

105.7 
130.4 
159.8 
193.1 
226.6 
254.5 
274.2 
296.5 
332.1 
368.5 
4CO.O 
440.6 
486.7 
541.6 
608.7 
672.8 
736.5 

847.2 
911.5 
985.3 
1087.0 
1178.3 
1335. R 
1402.9 

788.1 

1473.7 

M 

-0.0 
- 3 . 0  
-0.1 
-3.1 
- A m i  
-3.1 
-0.1 
-0. i 
-0.1 
-9.2 
-0.2 
-0.2 
-3.2 
-0.3 
-6.3 
-0.4 
-0.4 
-0.5 
-0.5 
-0.5 
-0.5 
-1.0 
-3.4 
-2.7 
18.5 
67.6 
84.0 

-69.3 

STKPIlu 
( 1 i\ll 

0.0305 
3.0 302 
0. 0.300 
3.3901 
3.330; 
0.0001 
.3.3501 
9.0301 
3.0301 
5.030: 
,3.0301 
0.3c02 
3.0302 
0.0002 
0.0 302 
3.0002 
0.0003 
S. 0003 
6.0003 
0.0003 
3.0004 
0.0004 
0.0004 
ihO004 
0.00G8 
0.001 7 
0.0921 

-0.0036 

- .  

768.2 
6 71 -3 
627.2 
553.7 
496.C 
442.0 
384.8 
347.5 
317.3 
291.7 
257.3 
224.3 
198.6 
162.7 
131.7 
118.3 
106.9 

86.8 
61.8 
42. L 
32.2 
23.0 

8.7 
-5.4 

-15.7 
-23.0 
-26.1 
-22.7 
-14.9 

-7.5 
-2.9 
-0.8 
-0.2 
-010 
-0.0 

0.0 
c e 2  
C.d 
2.7 
d e 0  

18.9 
36.7 

1265.3 -163.4 -0.0023 

78.7 0.0017 
72.2 0.0015 
15.8 0.9305 
-4.7 0.0002 
-2.5 0.0002 
-3.2 0.0002 

924.9 -a3.6 - 0 . ~ 0 1 0  

S T K P I N  
( J U T 1  

0.000c 
b.0300 
0.09UO 
0.0001 
0.3001 
0.000 1 
o.ooc1 
C s G O O l  
O.tD01 
0.0001 
0. GOO1 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0003 
0.0003 
0.0004 
O.CO04 
t .0004 
0.0005 
0.0005 
0.0302 

-0. 0036 
-0.r.308 

O.GO34 
0.0018 
-0.0010 
-0. COlO 
-0.0000 

0.0003 
0.0053 
0.0002 

o.ooia 

-0.1 OsG302 O.GO02 
-0.2 3.0001 0.0002 
-0.2 0.0501 J.0001 
-0.1 3.0001 0.0501 
-0.1 0.0001 C.0001 
-0.1 0.0001 0.0501 
-3.1 S.OC?Ol 0.GOOl 
-0.1 0 . 0 0 0 1  0.0001 
-3.1 9.0001 0.0301 
-0.0 J.C.000 3.0001 
-0.0 0.0000 0.OJ0'? 
-0.5 0.0000 0.0900 
-3 .3  3.0300 0.0000 
-0.0 3 r O O G O  0.GCJSO 
-0.0 3.0000 0.0000 
-0.0 0.0000 3.0030 

0.9 0.0003 0.0000 
0.0 -3,0005 -0.0030 
0.5 -0*0000 -0.3000 
0.3 - 3 e 3 O G O  -0.0000 
U .U -3.0000 -0 e0000 
3 . 3  -5.0503 -0.0000 
0.3 -0.9000 -c.oooo 
6.0 -3.0000 -1;.0009 
00 0 -0. C 503 -0.0000 
G.4 -0.5300 -L.OJOO 
;.e -0.0005 -0eCOOC 
3.0 -3.C500 -0.0000 

-JeLJ -$eo300 d e 0 0 0 0  
- d e 0  -0*0300 Oe0.306 
- u a 3  -3.0905 0.9330 
- i r e 0  3e0009 0e000G 
-0.0 3.0000 0.0000 
-:e3 3.03co o.cloo9 
-0.0 3.0005 3.0000 
-013 5.0330 O e O O 0 0  
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.I= 50  T I Y E =  0.0001535 
TUTAL ENERGY I N P U T  ( I H a - L B e )  = 132.331 

K I h t E T I C  ENERGY ( INe-LBa = 80.555 
E L A S T I C  ENERGY ( INa-LRe 1 = 19.093 
P L A S T I C  WORK I I N . - L B . I  = 20683 

THE NGMINAL FORCE AMPLITUDE DURING T H I S  CYCLE I S  

Tr iE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE. 
I S  THE SAME A S  L A S T  P R I N T E D  

I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
i 3  
1 4  
15 
16  
1 7  
18 
19  
20 
21 
2 2  
23 
2 4  
25 
26 
27 
28 
29 
30  
31 
32 
33 
3 4  
3 5  
3 6  
3 7  
38 
39 
4G 
41  
42 
43  
44  
4 5  
46  
47 
4 8  
49 
5 0  
5 1  
52 
53 
54 
55  
56 
57  
58  
5 5  
60  
6 1  
62 
6 3  
6 4  
6 5  
66 
67  
68 
6 9  
7c  
7 1  
72  

V 

0,3814 
1.1404 
1.89CLI 
2.6267 
3,3427 
4.0332 
4.69 30 
5.31 70 
5.90C6 
6.4392 
6.92 88 
7.3655 
7.7461 

8.32 78 
8. 5244 
8.6560 
8.72 15 
8.7206 

8.51S5 

8.0677 

8.6530 

a.3210 
8.0586 
7.7339 
7.3501 
6.9155 
6.4407 
5,9257 
5.3540 
4.721 6 
4.045 5 

2.6284 
1.6929 

0.3835 

3.3460 

1.1426 

-0.3785 
-1.1377 
-1.8882 
-2.6244 
-3.34c5 - 4,0312 
-4.6912 - 5.3155 
-5.8992 
-6.4381 
-6.9279 
-7.3650 
-7.7461 
-8.0681 
-8.32t7 
-8.5259 
- 8.6583 
- 8.7247 
-8.7247 
-8,6583 - 8.5260 
-8.3288 
-8.0682 
-7.7463 
-7,3653 
-6.9283 
-6.43 86 
-5.8999 
-5.3163 
-4- 692 2 - 4. 032 3 
-3.3418 
-2-62 59 
-1,8899 
-1.1396 
-0e38C5 

W 

- 8-  7245 
-8e65d0 
-8.5256 
-8,3282 
-8.3675 
-7.7453 
-7.3 641 
-6.9269 
-6.4369 
-5.8978 
-503138 
-4.6893 
-4.0291 
-3.3382 
-2.6219 
-1.8856 
-1.1349 
-0.3756 

0.3 866 
1.1458 
1.8963 
2.6322 
3.3479 
4.0376 
4.6964 
5.3227 
5.9193 
6.4816 
6.9860 
7.4114 
7.7634 
8.3659 
8.3227 

8.6562 
8.5222 

8.7232 
8.7236 

8.5255 
8.3286 
8.0682 
7 o 7464 
7.3655 
6.9286 
6.4389 
5.9002 
5.3166 

4.0327 
3.3422 

e. 6575 

4.6925 

2.6262 
1,8903 
1.1400 
0.3810 

-0.3809 
-1.1399 
-1.8902 
-2.6261 
-3.342 0 
-4.1525 
-4,6923 
-5.3163 
-5.9000 
-6.43 87 
-6.92 84 
-7.3654 
-7.1463 
-8eO683 
-8.3288 
-8.5260 
- 80 6 5  82 
-807246 

N 

233.6 
245.9 
266. d 
296.2 
32U.d 
343.2 
3 76.9 
416.7 
461. 't 
512.4 
554.1 
588.3 
620.4 
656.2 
705.9 
762.1 
833.9 
899.7 
967.2 

1044.1 
1126.0 
1235.2 
1303. 8 
1406.4 

Y 

-0.1 
-0.1 
-5.2 
-0.2 
-0.2 
-0.2 
-C.Z 
-0.3 
-0. 3 
-0.4 
-5.4 
-0.4 
-0.5 
-0.5 
-0.6 
-0.6 
- n e  7 
-0.8 
-3.9 

-0.8 
-3.2 - 8.4 
-1.1 

-0. 8 

S T R A I N  
( I N 1  

0.0101 
3.0001 
2, 0001 
3.0001 
0.0001 
0.3031 
3.0002 
3.0602 
J.0002 
U. 0002 
3.0002 
0.0002 
0.3303 
0.3303 
0. c 303 
0.C 503 
0eOOC4 
0.0004 
0.9054 
0.0 304 
0.0005 
0.0305 
0.0004 
5.GOO6 

S T R A I N  
( O U T )  

0.7001 
0.C031 
5.0001 
o.coo1 
3.0051 
G.0002 
O I  0002 
0.300 2 
0.c002 
3r0002 
0.0902 
0.0003 
0.0003 
0.0063 
01 000 3 
0.0003 
0.0004 
Oe0004 
0.0004 
O e C O 0 5  
0.0005 
0.0006 
0.0007 
0.6006 

1513.0 46.8 o.o"is -o,oooi 
1636.8 126.2 0.0029 -0eC015 
1769.9 133.3 3.0026 -0.C.019 
1788.1 -110.4 -0.0011 0.0027 
1525.3 -2S1.2 -0.0037 O e C 0 5 n  
1130.9 -144.2 -0.0020 0.0030 

971.8 
898.4 
839.5 
759.5 
720.6 
670.7 
636.2 
592.2 
541.0 
515.3 
481.0 
441.9 
395.3 
349.1 
309.9 
282.9 
267.7 
243.1 
216. Y 
198.0 
170.4 
138.5 
119.2 
110.5 

99.4 
79.1 
56.6 
42.6 
34.6 
24.0 
11.7 

3.5 
2.4 

10.1 
28.5 
54e8 
82e9 

109.9 
137.7 
167.1 
195.5 
218.4 

8H. 9 
131.7 
49.4 
-4.9 
-5.7 
-1.6 

3 .  1 
-0.2 
-5.4 
-0.3 
-0.3 
-0.2 
-0.2 
-0.2 
-0.2 
-3.1 
-0.1 
-3.1 
-0.1 
-0.1 
-0.1 
-o* 1 
- 0 e O  
-3.0 
-0.0 
-3.0 
-0.0 
-3.0 
-0.0 
-0.0 
- D e O  
-3.0 
-0.0 
-0.3 
-0.0 
-5.0 
-0.0 
-0.1 
-O*l 
-0.1 
-0.1 
-0*1 

1 

0.002u 
0.0027 
O e G O l Z  
3.0002 
0.00G2 
0.0003 
0.0053 
0.0003 
CJ. 0002 
0.0 302  
0.0002 
0.0002 
0.3302 
0.0001 
a10001 
0 , O O C l  
0e3001 
oe.5001 
0. 0001 
3.0301 
U . U O 3 1  
0.0001 
0 . ~ 0 0 1  
0.0000 
Oe 0000 
0.3000 
ije 3000 
0.3oor3 
0.3J00 
O e O G O C  
0.0090 
0.0000 
0.0000 
3.UOOC 
0.0000 
0e0000 
0.3000 
0. J000 
3 . O O C l  
0.0001 
0.0301 
LJ.30ijl 

37 

-0.0011 
-0.00 19 
-0.3005 

0.0004 
0.0005 
O.CO03 
0.0003 
0.C003 
0.0002 
0. C O O L  
0.3002 
0. to02 
0.0002 
G.0002 
0.0001 
C.0001 
c. 0001 
0.0001 
0.0031 
0.0001 
0.0001 
0. coo1 
0.000 1 
0.003c 
0.0300 
0.0000 
3.0053 
0.0000 
0.0050 
0.0000 
0.0050 
0.03SO 
0. O O O C  
0 .Of330 
0,01300 
0. 000r) 
C . O O J 0  
0. G O O P  
0.0001 
5.0301 
0eO001 
~.0001 

879.2175 LBS 

LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

LO 
11 
1 2  
i 3  
14  
15 
1 6  
17 
18 
19  
20 
2 1  
22 
23 
2 4  
2 5  
2 6  
27 
28 
29 
30 
31 
3 2  
33 
34  
3 5  
3 6  
37 
38 
3 9  
4G 
41 
4 2  
43  
4 4  
4 5  
46 
47 
4 8  
4 9  
50  
5 1  
52 
53 
54 
55 
56 
57  
58 
59 
6 0  
61 
6 2  
03  
6 4  
0 5  
66 
67  
6 8  
69  
7 0  
7 1  
7 2  

J= 54  TIME= 0.0001625 
TOTAL ENERGY INPUT ( IN.-LR.J = 124.644 

K I N E T I C  ENERGY I I N o - L B e  J = 370534 
E L A S T I C  ENERGY ( INe -LBe 1 = 24.106 
P L A S T I C  WORK ( I N a - C B e l  = 3.004 

TrlE NCMINAL FORCE AMPLITUDE DURING T H I S  CYCLE IS 

THE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE 
I S  THE SAME AS LAST P R I N T E D  

V 

0. 3817 
1.1407 

2.6270 
3.3430 
4.0335 
4.6933 
5.3173 
5.9CC8 
6.4393 
6.92 87 
7.3654 
7.7459 
8.0673 
8.3272 
8.5236 
8.6550 

i .8911 

8.7203 
8.7190 

8.5174 
8.6512 

8.3185 
3.0556 
7.7300 
7.3458 
6.9126 
6.441 8 

5.361 0 

4.0492 
3.3475 
2.6291 
1.8936 
1.1435 
0.3844 

-0.3776 
-1e13b8  

-2.623b 
-3.3398 
-4.0305 
-4.6906 
-5.3149 
-5.8988 
-604377 
-6.9276 
-7.3648 
-7.7458 
-8.0579 
-8.3286 
-8.5258 - 8.6582 
-8.7246 

-8.6583 
-8.5260 

5.9305 

4.7275 

-1. a874 

-ar 7247  

-8,3288 

-7.7463 
-7,3653 
-6.9283 
-6.4386 
-5,8998 - 5. 31 b2 
-4.6920 
-4.0322 

-8.0682 

- 3.3416 
-2.6256 
-1.8897 
- l e  1393 
-0.3802 

W 

- E e  7243 
-8.6578 
-8.9253 

-8 e 3670 
- 7.744 8 
-7,3635 
-6.9261 
-6.4360 - 5.3969 
-5.3128 
-4.6882 
-4.0279 
-3.3369 
-2.6205 
-1.8841 
-1.1334 
-0.3740 

0.3883 
1.1474 
1.8578 
2.6337 
3.3493 

4.6971 

-a. 3279 

4.0386 

5.3245 
5.9243 
6.4899 
6.9969 
7.4206 
7.7684 

8.3205 
8.52 04 
8.t552 
8.7225 
8.7230 

8.5252 
E. 3 2 8 3  
8 s D 6 8 l  
7.7463 
7.3655 
6.9287 
6.4390 
5.9004 
5.3168 
4.6927 
4.0329 
3.3424 
Le6264 
1.8905 
1.1401 
0.3811 

-0.3808 
-1,1398 
-1 -8901  
-2.6260 
-3.3420 
-4.0325 
-4.6923 
-5.3164 
-5c 9000 
-6.4387 
-6.9284 

8.0659 

8.6570 

- 7.3 654  
-7.7463 - Br Ob83 
-8.3288 
-805259 
-806582  
-a97245  

N 

2 73r 8 
296.0 
314.7 
344.2 
381.1 
420.1 
464.0 
499.4 
5 24.3 
549.6 
577.9 
619. 3 
669.0 
727.1 
785.8 
837.2 
903.9 
972.5 

1059.2 
1124.2 
1190.8 
1288.5 
1363.6 
1482.2 
1590.4 
1736.7 
1850.1 

M 

-0.2 
-0.2 
-0.2 
-0.2 
- w . 3  
-0.3 
-0.3 
-2 .4  
-0.4 
-0.4 
-3.5 
-0.5 
-0.6 
-0.7 
-0.7 
-0.8 
-0.9 
-1.0 
-1.1 
-0.8 
-1.0 
-5.0 

-11.1 
1.7 

65.1 
151.1 
102.0 

S T K P l N  
(1'4) 

34J001 
9.0001 
3.0301 
0.0001 
OeC'J02 
o.co02 
0.0502 
5.0002 
3eCD02 
0.0002 
0.0302 
0.0003 
O.OOC3 
0.000~ 
0.0003 
0.0004 
0.0004 
0. 0004  
3.0004 
0.05L5 
3.0305 
0.0305 
0.0004 
0.0007 
0.0018 
0 .* 0 0 3 4 
0. C 326 

S T R A I N  
( J U T 1  

0.03c1 
o.co31 
o.coo1 
0.0002 
0. c o o 2  
0.0002 
0.0002 
Oe0002 
0.0002 
OeC002 
0.0003 

0.0003 
0.0003 
0.0004 
G.0004 
0.0004 
G.0004 
0.0005 
i .0005 

0. 0056 

0.0006 
-0.0004 
-0.0018 
-0.0010 

0.0003 

0.000 5 

0.0008 

827.4 
767.1 
709.1 
663.8 
635.3 
594.1 
571.6 
528.5 
490.2 
467.1 

4C8.0 
366.4 
325.6 
287e 7 
264.6 
252.0 
229.5 
207.5 
191.2 
165.4 
135.4 
116.9 
109.7 
102.4 
d8.4 
76.6 
78.7 
91.1 

101.7 
1 0 7 0 9  

126.4 
143.7 
165.7 
188.4 
207.2 
223.6 

440.5 

114.8 

245.8 

1864.2 -121.9 -0.0013 0.0029 

1173.7 -164.6 -0.0023 0.0033 
1009.1 83.3 3.0319 -3.0010 

949.5 155.6 0.0531 -0.0023 
909.9 70.2 3.0016 -0.0008 

-2.0 0.0003 0.0004 

1567.2 -2Yi.9 -0.3044 0.G057 

-12.5 0.0001 
-3.1 0.0003 

0.3 0.0003 
-0.2 0.0003 
-0.4 0.0003 
-0.4 0.0002 
-0.3 0.0002 
-0.3 0.0002 
-0.3 0.0002 
-0.3 o.oCJ02 
-0.2 0.0002 
-0.2 0.0002 
-0.2 0.0001 
-0.1 0.0001 
-0.1 3.0001 
-3.1 0.0001 
-0.1 0.0001 
-0.1 O e 0 0 0 1  
-0.1 0.0001 
-0.1 0.0001 
-0.1 0.0001 
-0.0 O e 0 3 C G  
-0.0 o.cqo0 
-0.0 0*0000 
- 3 . 3  0.5000 
-3.0 O e O O O O  
-0.0 0.0000 
-5.0 0.0000 
-0.0 0eOO00 
-0.0 0.00i)O 
-0.1 0.0000 
-0.1 0eO00l 
- 0 0 1  OeC501 
- G e l  O e O O 0 1  
-0.1 0.0001 
- 0 e l  0.5001 
-0.1 0.0001 
- G a l  0.OOG1 
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0.0005 
0.0004 
0.0003 
0.0003 
0.0003 
0.0003 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0001 
0.0001 
0.000 1 
0.0001 
0.0001 
0.0001 
o.coo1 
0.000 1 
0.000 1 
0. O C O l  
0.0OC'I 
0.0300 
0. GOCO 
0.0000 
0.000C 
0.00GO 
0.00oc 
0.0300 
3.0001 
G.0001 
0. 0001 
o.t.301 
0.0001 
0.0001 
0 e G O 0 1  
0, 0001 

892-7395  LRS 

LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
14  
15  
16 
17 
18 
19  
20 
21 
22 
23 
24 
25 
26 
27 
2 8  
29 
30  
3 1  
32 
33 
34  
3 5  
3 6  
3 7  
38 
39 
40 
41  
4 2  
4 3  
44  
45 
4 6  
47 
48 
49 
50  
5 1  
5 2  
53  
54 
5 5  
56 
57 
58 
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
66 
67  
68 
6 9  
7 0  
7 1  
7 2  

J =  6 0  T I M E =  0.0001806 
TOTAL ENERGY INPUT ( IN.-LB.1 = 161.471 

E L A S T I C  ENERGY I INe-LBe a = 30. 536 
K I N E T I C  ENERGY f IN.-LB, j = 125.898 

P L A S T I C  WORK {IN.-LB.) = 5.036 

THE NOMINAL FORCE AMPLITUUE DURING T H I S  CYCLE I S  

THE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE 
IS THE SAME AS LAST P R I N T E D  

v 

0.3823 
1.1413 
1.891 7 
2.6276 
3. 3436 
4.0340 
4.693 7 
5.31 7 6  
5.9010 
6.4394 
6.92 86 
7.3651 
7.7453 
d.3665 
8.3260 
8.5221 

8 -71  7 9  
8.7161 

8.6530 

8.6478 
8.51 3 4  
8.31 39 
8.0499 
7.722 8 
7.3380 
6.90e2 
6.4439 
5.9381 
5.3721 
4.7368 
4.0555 
3.3503 
2.6303 
1.8949 
1.1451 
0.3861 

-0.3760 
-1.1352 
-1.8859 
- 2.622 1 
-3.3384 
- 4.0292 
-4.6894 
-5.3138 
-5.8978 
-6.4368 
-6.9268 
-7.3641 
-7.7453 
-8.0675 
-8.32 82 
-8. 5256 
-8.6580 - 8.7245 
- 8.7246 
-8.6582 
-8. 52 t0 
-8.3288 
-8 e 0 6 8 2  - 7.7462 
-7.3653 
-6.9282 - 6.43e4 
-5.8996 - 5.315 g 
-4.6917 
-4.0318 - 3.3412 
-2.6251 
-1.8891 
-1.1367 
-0.3797 

d 

-8.7239 
-8.6572 
-8.5246 
-8 e3  27 1 
-8d0661 
-7.7437 
-7.3622 
-6.9247 
-6.4344 
-5,8951 
-5e31C8 
-4.6861 
-4.0256 
-3.3345 
-2.6179 
-1.8814 
-1.1356 
-0.3712 

G.3911 
1.1502 
1.9006 
2.6363 
3.3515 
4.0401 

5.32 80 
4.6982 

5.9328 
6.5034 
7.0144 
7.4357 
7.7774 
8.0666 
8.3165 
8.5167 
8.6530 
8.7211 
8.7217 
8.6560 
8.5244 
8.3277 
8.0676 
7.7461 

,7 e 36 54 
6.9287 
6.4392 
5.9036 
5.3170 

4.0332 
3.3427 
2.6268 
1.8908 
1.1405 
0.3815 

-0.3805 
-1.1395 
-1.8899 
-2.6259 
-3.3419 
-4.0324 
-4.6923 
-5.3 164 
-5.9001 
-6.4388 
-6.9285 
-7,3655 
-7.7464 - 8.0683 

-8,52 58 - 8,6579 

4.6930 

-8,3287 

-8.7 24 1 

N 

324.2 
361.2 
399.9 
424.5 
440.2 
459.7 

520.7 
563.2 
607.3 
648.8 
687.5 
7 4 2 - 1  
798.5 
855.6 
897.6 
948.2 

1025.0 
10 79.6 
1169.9 

484.2 

1247.5 
1335.8 
1429.4 

16 17.1 
1708.3 
1874.6 

1 5 1 ~ .  7 

i.1 

-3.2 
-0.3 
-0.3 
-c.3 
-0.4 
-0.4 
-0.4 
-0.5 
-ire5 
-0.6 
-0.7 
-0.7 
-0.8 
-0.9 
-1.0 
-1.1 
-1.2 
-1.3 
-1.3 
-0.8 
-1.8 
-9.0 

-15.6 
13.  5 

100.6 
182.6 

95.9 

S T R A I Y  
( I Y  1 

0.0001 
0.0002 
3.0002 
0.0'302 
3.0002 
0.0302 
0.0002 
3.0002 
3.000z 
0.0503 
0.0003 

0.0003 

0.0004 
3.0904 
0.5004 

3eG003 

3.0303 

0.0004 
0.0004 
0.0005 
3.0305 
J. 0 0 0 4  
3.0004 
0.0008 
0.0024 
0.0 339 
0.0025 

STRAIN 
(CIUT) 

0.0001 
c.co02 
L.0002 
L. 0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0003 
0.0053 
G. 0007 
0.0003 
0.0004 
Oe0034 
C.0304 
0.0094 
G.0005 
0.0005 
0.0035 

0.0007 
0.0009 
0.0005 
-0.00 1c 
-0 e 0 024  
-0.coo11 

0.0006 

1855.9 -138.1 -0.0016 0.0032 
1566.2 -326.3 -0.0053 0.0070 

984.7 67.7 0.0016 -0aOCO7 
935.2 1E5.8 0.0336 -0.0028 

108.9 0 ,0023  -0eOO15 

1154.5 -193.5 -0.0029 0.0038 

896.1 
857.1 
808.8 
746.0 
716.8 
669.0 
637.2 
588.7 
551.5 
528.  0 
498.4 
486.3 
460.1 
428.2 
407.0 

371.9 
342.1 
309.0 
272.4 
246.3 
239.9 
233.5 
227.8 
233.7 
237.4 
229.9 
223.6 
231.2 
248 e 5 
259.8 
2 57.9 
251.1 
247s 4 
248.6 
25 5.6 
263.2 

271.0 
292.9 

391.3 

264-8  

8.7 5.0305 
-18.9 3.0000 

-7.2 0.0002 
t j -3  0.0303 
0.2 0.0003 

-0.5 0.5003 
-0.6 0.0002 
-0.5 0.0002 
-0.4 0e0302 
-0.4 O e 0 0 0 2  
-0.3 0.0002 
-0.3 0.0002 
-0.3 3.3002 
-3.3 0.c002 
-3.2 0.0002 
-0.2 0.0002 
-0.2 3.0001 
-0.2 0.0001 
-0.1 0.0001 
-0.1 0.0001 
-0.1 0.0001 
-3.1 0.0001 
-0.1 0.0001 
-0.1 0.0001 
-3-1 0.5001 
-0.1 3.0001 
-0.1 0,0001 
-0.1 0.0001 
- 0 a l  0.0001 
-3 , i  0.0001 
-0.1 0.0001 
-3.1 0.0001 
-0.1 0.0001 
-0.1 0.0001 
- 0 e l  0.000). 
-0.2 0.0001 
-3.2 5.0301 
-5.2 0,00171 
-0.2 0*0501  
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0.0002 
0.0007 
0.0004 
0.0003 
0.0003 
0.0003 
0.0003 
0.0092 
0.0502 
0.0002 
OSG0G2 
0. coo2  
G.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0001 
0 . O O G I  
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0901 
0.000 1 
0.00Ul 
0. c o o 1  
tJ.oc)0i 
0.0001 
0.0001 
0.0001 
0.CJ01 
0.0001 
O,G001 
0.000 1 

912.9536 L B S  

LAYER 
1 

* 



J= 7 0  T I M E =  Oe0002107 
TOTAL ENERGY I N P U T  ( I N . - L B , )  = 229.938 

K I N E T I C  ENERGY ( I N . - L E , )  = 1 8 0 ~ 6 5 2  
E L A S T I C  ENERGY ( I N . - L 8 . I  = 41.553 
P L A S T I C  MURK ( 1 N e - L B - b  = 7.733 

THE NCMINAL FDRCE AMPLITUDE DURING T H I S  CYCLE IS 

THE FDRCE O I S T R I R U T I O N  DURING T H I S  CYCLFr 
I S  THE S A M E  AS L A S T  P R I N T E U  

I 

1 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
1 2  
1 3  
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5  
26  
27  
28 
29 
30 
31 
32 
33 
3 4  
3 5  
36  
37 
38 
39 
40 
4 1  
42 
43 
4 4  
4 5  
46 
47 
48 
49 
50  
51 
52 
53 
54 
55 
56 
5 1  
5G 
59 
60 
6 1  
6 2  
63 
6 4  
6 5  
66 
6 7  
68  
69  
7 0  
7 1  
7 2  

V 

0.3836 
1.1427 
l e  8930 
2.6289 
3.344 7 
4.03 50 
4.6945 
5.3181 
5.9012 
6.4393 
6.9281 
7.3641 
7,7438 
8.0643 
8.3232 
8.5184 
8.6485 
8.7124 
8.7096 
8.6402 
8.5049 

8.0373 
7.7069 

a. 3040 

7.3230 
6.9017 
6.4479 
5.9499 
5,3900 
4.7553 
4,0655 
3.3575 
2.6334 
1.8974 
1.1481 
0.3893 

-3.372 8 
- 1,1319 
-1eE826 
-2.6189 
-3.3354 
-4.0264 
- 4 r  686 7 
-5.3113 
- 5.8955 
-6.4347 
-6.9249 
-7.3624 
- 7.7438 
-8.0661 
-8.3271 
-8,5246 
-8.6572 
- 8 c  7238  
-8,7240 

-8.52 55 
- 8.3284 
-8.0678 
-7,7458 
-7.3648 
-6.9277 
-6.4379 
- 5.8990 
-5.3152 
-4r 6909  
-4* 03C9 
-3.3402 
-2.6241 
-108880  
-1.1375 
-0 ,3784  

-8.6577 

w 

-8.7227 
-b.6557 
-8.5228 
-8.3250 
-8,3637 
-7.741 0 
-7.3592 

-6 e 430  7 
-5.8910 

-6.9213 

-5.3 0 6 4  
-4.6814 
-4.0206 

-2.6124 
-1.8757 

-3.3292 

-1.1247 
-0.3653 

0.3969 
1.1560 
1.9C60 

3,3552 

4.7008 
5.3361 
5.9488 

7.0442 
7.4664 
7.7994 
800717 
8,3095 
8.5076 
8.6473 

2.6413 

4.0422 

6.5 262 

8.7 177 
8.718) 
8.6535 
8.5223 
8.32b1 
8. C664 
7.7452 
7.3649 
6.9284 
6 r 4 3 9 2  
5.9C08 
5.3174 
4.6935 
4.0338 
3.3434 
2.6275 
1.8915 
1.1412 

-0.3800 
-1.1391 

0.3821 

-1.8895 
-2.6256 
-3.3416 
-4.0322 
-4.6921 
-503162  
-5 e 8 999 
-6.4386 
-6,9283 
-7*3653 - 7.746 1 
-8.3679 
-8.3 282 
- 8.5252 
-8.6571 
-8,7231 

N 

412.2 
432.4 
445.0 
455.4 
467.3 
489.6 
510.4 
522.6 
541.6 
574.9 
624 .  n 
661.0 
7C8. 5 
762.6 
795.4 
8 50.3 
874.2 

972.3 
1056.1 
1065.0 
963.2 
973.1 

1135.3 

909.5 

hi 

-5.4 
-0.4 
-0.5 
-0.5 
-0.6 
-0.6 
-0.7 
-0.7 
-0.8 
-0.9 
-1.0 
-1.1 
-1.2 
-1.3 
-1.5 
-1.6 
-1.8 
-2.0 
-1.3 
-0.6 
-5.6 

-20.0 
-20.6 

45.5 

S T R A I N  
( I N 1  

0.0002 
0.0002 
3.0 302 
0.3002 
0.0302 
0.9302 
3,0302 
0.30r32 
0.0002 
0.0302 
0.0903 
0.0033 
3.0303 
0.0003 
0,0003 
Oe0003 
Oa0003 
3.0004 
0.0504 
0.3004 
0.0004 
0.0301 
!I. 0001 
0.0513 

S T R A I N  
( U U T I  

0.0002 
0.0002 
0.0002 
u.0002 
0.0002 
G e  0002 
0.0002 
0.0002 
c.0002 
0.0003 
O.OOO3 

0.0003 

0.0004 

0.0004 
0.0004 

0.0003 

Oe0004 

0. C 0 0 4  

0.0004 
0.0005 
01 0006 
0.0008 
0.0008 

-0.0003 
1376.9 170.3 0.0035 -0.0023 
1497.4 204.1 0.0042 -0eC029 
1621.6 74.9 0.0023 -0.0006 
1705.8 -146.2 -0.0018 0.0033 
1752.7 -356.6 -0.0061 O.C.084 
1551.9 -275.8 -0.0041 0.0054 
1266.1 
1166s 2 
1048.5 
1027.9 
954.2 
727.0 
550.3 
503.4 
504.4 
487.6 
502.9 
492.3 
477.9 
455.1 
435.7 
428.4 
405.2 
397.9 
396.9 
401.0 
418.2 
428.1 
427.6 
429.0 

452.3 
4 4  7,O 
431.0 
403.8 

442.3 

384s b 
388.6 
392.3 
386.7 
394. * 
412.6 
418.4 
413.4 
409,tl 
405.7 
402.1 
399-9  
399.4 

3.2 0.C006 
227r0  0.0044 
190.5 000037  

49.5 0.0013 
-25.8 -0.0000 
-20.9 -0.0500 
-2.2 0.0002 
1,6 0.0002 

-0.3 0.0302 
-0.9 0.0002 
-0.8 0.0002 
-0.6 0.0002 
-0.6 OeCOCI2 
-0.5 '3.0002 
-0.5 0.0002 
-0.5 0.0002 
-0.4 0.0002 
-0.4 0.0002 
-0.4 Oe0002 
-0.3 5.01302 
-0.3 0.0002 
-0.3 Oe0002 
-0.3 0,0002 
-0.3 0.0302 
-0.3 O e 0 0 0 2  
-0.3 0.0302 
-0.3 0.0002 
-0.2 0.5002 
-0.2 3,0002 
-0.2 0.0002 
-0.2 UeG002 
-0.2 0.0002 
-0.2 0.3002 
-0.2 0.01302 
-0.3 Oe0502 
-0.3 0.0002 
-0.3 0eOJOZ 
-0,j 0.0002 
-0.3 0.0002 
-0.3 oec302  
4 . 3  0,3002 
-0.4 3.0002 

140 

0.0005 
-0.00 34 
-0.0028 
-0.0004 

0.0009 
0.0007 
Oe0003 
0.0002 
0.0002 
G.0002 
0.0002 
0.0002 
Ll. 0002 
0.0002 
0.0002 
0.0002 
0.0002 
0*0002  
0.0002 
0.0002 
0.0002 
3.0002 
O e C 0 0 2  
0.0002 
0*0002 
0.0002 
0.0002 
0.0002 
C.05J2 
0.0002 
G.0002 
0.0002 
0.0032 
0.0002 
Oo 0302 
000002 
0,0002 
0,0002 
0.0002 
0.0002 
G.0002 
0.b302 

953.4971 L 8 S  

L AY ER 
1 

g: 



I 

1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14  
15 
16 
17 
16 
19 
23 
2 i  
22 
23 
2 4  
25 
26 
27 
29 
29 
33 
31 
32 
33 
34  
35 
3 6  
37 
38 
39 
40 
4 1  
42 
43  
44  
4 5  
46 
67 
48  
4 9  
50 
31 
52 
53 
54 
55 
56 
37 
58  
59 
66 
6 1  
62 
6 3  
6 4  
6 5  
66 
67  
6 8  
6 9  
7 0  
7 1  
7 2  

L 

J= &O TIME= 0.00024C8 
TOTAL ENERGY INPUT ( I N e - L R . )  = 312.436 

E L A S T I C  ENERGY ( I N . - L 8 . I  = 52.375 
P L A S T I C  WORK I I N e - L B a )  = 12.329 

K I N E T I C  ENERGY ( IN , -LB. I  = 247.732 

THE NGMINAL FORCE AMPLITUDE DURING T H I S  CYCLE I S  

T H E  FORCE O I S T R I R U T I O N  DUKIhlG T H I S  CYCLE 
I S  THE SAME AS L A S T  P R I N T E D  

v 
0.3851 
1.144i 
1.8944 
2.6301 
3.3458 
4.0359 
4.6952 
5.3185 
5.901 2 
6.4388 
6. 5271 
7.3625 
7.7415 
8.0612 
8.31Y2 
8.5135 
8.6426 
6.7C53 
8.7014 
8.63G9 
8.4945 
8.2912 
8.0201 
7.6867 
7.3073 
6.8961 
6.4506 

5.4049 

4.0879 
3.36E3 
2.6385 
1.9008 

0.3938 
-0.3683 
-1.1275 
-1.8783 
-2.6148 

-4.0227 
-4.6833 

5.9580 

4.7765 

1.1522 

-3.331 5 

-5.3081 - 5.892 5 
-6.4319 
-6.9223 
-7.3603 
-7.741 6 - 8.0642 
-8.32 53 
-8.5230 - 8.6557 

-8.7227 
-8.6566 
-8.5244 - 8.32 7 4  
-8.0668 
-7.7448 
-7.3638 
-6.9267 
-6.4368 
-5,8979 
-5.3141 
-4.6857 
-4.0297 
-3,33 89 - 2,622 7 
- l e  8866 
-1,1360 
-0,3769 

-8.7224 

k4 

-8.7207 
-8. e 534 
-8.5202 
-8.3221 
-8.0604 
-7.7373 
-7.3551 
-6.9169 
- 6- 425 8 
-5.8858 
-5.3008 
-4.6754 
-4.0143 
-3.3226 
-2.6057 
-1.8689 
-1.1179 
-0.3585 

0.4036 
1.1625 
1.9123 
2.6468 
3.3592 
4.0447 
4.7058 
5.3477 
5.9664 
6.5483 
7.073 5 
7.5055 
7.8324 
8. C839 
8.3037 
8.4952 
8.6377 
8.7125 
8.7154 
8.6502 
E.5194 
8.3238 
8.0646 
7.7438 
. 7.3639 

6.9277 
6.4387 
5.9036 
5.3174 
4.6937 
4.0341 
3.343 8 
2.6279 
1.892 1 
1.1417 
0.3827 

-0.3793 
-1.1384 
-1.8886 
-2.6249 
-3.3410 
-4. C316 
-4.6915 
-5.3156 
-5,8993 
-6.43 80 
-6.9276 
-7.3645 
-7.7452 
-8.0669 - @,3271 
-8,5238 
-8,6556 
-8.7214 

N 

429.0 
419.2 
418.5 
428.9 
443.7 
458.7 
469.6 
459.4 
462.0 
457.6 
454.4 
490.7 
470.2 
371.3 
263.8 
328.9 

625.1 
684.8 
754.4 
875.3 
947.1 

1069. i 
1156.2 
2251.2 
1381.8 
1464.5 

513.4 

M 

-0.6 
-0.7 
-0-7 
-0.8 
-019 
-0.9 
-1.0 
-1.1 
-1.2 
-1.3 
-1.4 
-1.5 
-1.6 
-1.7 
-1.9 
-2.2 
-2.6 
-2.4 
-D.4 
-1.3 

-15.5 
-36.6 

109,3 
223.3 

50.0 

-1ci.a 

191.3 

STRAIN 
( 1 1 4 1  

0.0002 
0.0 302 
0.3002 
5.0302 
b.0102 
0.9302 
0. 30CL 
0.0002 
3.0002 
3.0002 
C.2002 
0.0002 
U.GO02 
0.0001 
0.c301 
OeG09l 
3.0002 
0.c302 
0.3003 
O.OOC3 
0.0031 

-0.0302 
0.0303 
3.0024 
0.0044 
0.0039 
0.0315 

STRAIN 
( O U T )  

0.0002 
0.0002 
0.0502 
0.0002 
G.0002 
0.0002 
0.0002 
0.0002 
ir.3002 
0.0002 
0.0002 
o.co02 
0.0002 
0*0002  
0.0~301 
0.0002 
0.0003 
0.0003 
5.0003 
0.0003 
0.0006 
0. OOiO 
0.0307 

-0.0014 
-0.0033 
-0 *C027 
-0.0002 

1550.8 -123.5 -0.0015 0.0028 

1401.8 -355.9 -0.0062 0,0081 
1079.9 -113.5 -0.0015 0.0024 

906.3 251.8 0.0047 -0.0039 
9 1 7 e 4  282.1 0.0053 -C.C045 
849.5 123.2 0.0025 -0.0019 
709.2 
709.6 

1611.1 -341.8 -0.0059 0.0081 

66 3.1 
673.1 
668.6 
592.5 
614.3 
671.4 
587.3 
405.7 
323.9 
338.1 
325.6 
359.1 
379.6 
391.3 
377.7 
376.4 
385.6 
382.4 
377.1 
371.9 
379.4 
400.9 
420.3 
423.9 
412.U 
400.9 

410.0 
421.5 
421. 5 
439*7 
402.6 
4C8e 1 
417.1 
4 29.0 
437.1 

430.4 

-14.6 3.0001 
-4 1.5 -0*0004 
-13.0 ii.0001 

2.8 0.0003 
1.3 0.0003 

-1.3 0.0002 
-1.4 0.0092 
-1.1 0.0303 
-0.9 0.0302 
-0.8 0.0002 
-3.7 0.0001 
-0.7 0.0001 
-0.6 i f s i J 0 l  
-0.6 0.0301 
-0.6 3.0002 
-0.5 0.0002 
-0.5 0.0002 
-0.5 5.0002 
-0.4 0.3002 
-9.4 0.0002 
-0.4 U.0002 
-0.4 0.0002 
-0.4 5.3002 
-0.4 3.0302 
-0.4 0.0002 
-0.4 0.0002 
-0.4 0.0902 
-0.4 0.0302 
-0.4 0.0002 
-0.4 0.0002 
-004 0.0002 
-0.4 3.0002 
-0.4 3,3002 
-0.5 0.0002 
-3.5 9.0002 
-0.5 000002 
-0.6 3.0332 
-0.6 O e 0 0 0 2  

3.0306 
0.0010 
0.0005 
0.0002 
0.0003 
0.0003 
0. GO03 
O.GO03 
0,0003 
0 e 0 0 0 2  
3.0002 
0.0001 
0.0002 
0.0002 
0.0002 
0.0302 
0.0002 
0.0002 
0.0002 
0.0002 
0.0032 
0.0002 
0.0002 
0.0002 
0.000 2 
0.0002 
0. O O O Z  
0.0002 
9.G002 
0. c o c 2  
0.0032 
0.0002 
0.0002 
0.0002 
0. c 002 
0.0002 
3.0902 
0.0002 

9c i .a z74  LES 

LAYER 
1 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  
1 5  
16 
i 7  
16 
19  
20 
21 
22 
23  
24 
2 5  
2 6  
27  
28 
29 
30 
3 1  
32  
33 
34 
3 5  
3 6  
37 
38 
39  
40 
41  
42 
43  
44  
4 5  
46 
47 
4 8  
4 9  
50 
5 1  
52 
53 
54 
5 5  
56 
5 7  
58  
59 
b U  
6 1  
62 
6 3  
6 4  
65  
66  
b7 
68 
69  
70 
71  
72 

J=  90 T I M E =  000002709 
TOTAL ENERGY I N P U T  ( IN . -LB. l  = 372.417 

K I N E T I C  ENERGY ( INe -LBe 1 = 290.217 
E L A S T I C  ENERGY I I N . - L B . I  = 57.953 
P L A S T I C  W R K  ( INe -LBe 1 = 24.248 

THE NCPINAL FORCE AMPLITUDE J U R I N G  T H I S  < 

THE FORCE D I S T R I B U T I O N  OUKING T H I S  CYCLE 
IS THE SAME AS LAST P R I N T k D  

v 

0.3866 
1.1455 
1.8957 

3.3468 

4.6955 
5.31 84 
5.9007 
6.4378 

7.3603 
7.7386 
8.0575 
8.3146 
8.5074 
8.6357 
8.6571 
8.6919 

8.4822 

7.9981 
7.6641 
7.2924 
6.8904 
6.4510 
5.9633 
5.41 83  
4.8002 
4.1065 
3.3826 

2.631 J 

4.0366 

6.9256 

8.6204 

8.2748 

2.6462 
1.9055 
1.1568 

-0.3631 

-1.8731 
-2a6C9 8 
-3.3266 
-4.0181 
-4.6789 
-5.3040 
-5.8886 
-6.42 84  
-6.91 91  
-7.3570 
-7.7388 
-8.0616 
-8,3229 
-8.5207 
-8,6535 
-8.7204 
-8,7208 
-8.6547 
-8.5226 
-0.3256 
-8.0651 
-7.7432 
- 7.3622 
-6.9251 
- 6.43 52 
- 5.8963 
-5.31 2 5 
-4,6881 
-4.0281 
- 3.3373 
-2,6211 
-1.8849 
- 1,1344 
-0,3753 

0.3990 

-1.1224 

W 

-8.7179 
-8.6504 
-8.5169 
-E.3 184 
-8.0564 
-7.7329 
-7.3504 
--be 9118 
-6.4204 
-5.8800 
-5.2946 
-4.6689 
-4. GO74 
-3.3154 
-2.5‘48 1 
-1.8610 
-1.1098 
-0.3532 

1.1706 
1.92 30 

0.4119 

2.6534 
3.3635 
4.0487 
4.7141 
5.3617 
5.9846 
6.5705 
7.1040 
7.5502 
7.8659 
8.1044 
8.3017 
8.4809 
8.6237 
8.7043 
8.7 109 
8.6463 
8,5156 

8.0622 
7.741 9 
?e3625 
6.9268 
6.4381 
5.9002 
5.3172 
4.6937 
4.0 342 
3.3439 
2.6282 
1.8924 
1.1421 
0 0  3832 

-0.3787 
-1.1377 
-1.888 1 
-2.6241 
-3,3401 
-4.0307 
-4e6S05 
-5.3146 
-5,8982 
-6,4368 
-6.9264 
-7,3631 
-7.7437 - 8.0652 
-8,3253 
-8.5218 
-806534 
-8,7189 

8.3236 

1.1 

275.0 
246.4 
225.6 
217,s 

136.9 
18.4 

140.9 

283.5 
293.4 
364-0 

216.5 

13-2 

276-9 

422.6 
459-2 
485.0 
519.2 
529.1 
618.1 
666.4 
732.6 
839.8 
942.3 

1C57.8 
1042.7 

1186.1 
1053.5 

1229.1 
1257.6 

969.9 
583.0 
860-4  
801.0 
664.5 
820.5 
717.1 
781.1 
737.2 
552.2 
5 38.5 
479.5 
415.5 
409.0 
378 .o 
409.5 
44 8.3 
399.2 
369.4 
464.1 
482.0 
356.0 
221.1 
138.6 
114.5 
113.0 
140.6 
ld0.2 
194,4 
207.2 
218.5 
218.5 
223.0 
229.4 
225-4  
217.7 
222.0 
237.5 
248.5 
254-4  
263.6 

287.8 
276.3 

S T K A I N  
( I N )  

-0.9 0.0301 
-5.9 2.)001 
-1.0 3.3001 
-1.1 0.3301 
-1.1 0.0001 
-1.2 0.0005 
-1.3 -0.0305 
-1.4 -9.0003 
-1.6 5.0500 
-1.8 93.0001 
-1.9 0 e O O O 1  
-2.1 3.0501 
-2.3 0.c301 
-2.5 0.0001 
-2.7 0.5002 
-3.3 3.0002 
-3.7 0 .0332  
-1.8 0.0002 

1.3 0.0003 
- 6 . 3  0.0002 

-35.2 -0,3303 

30.5 0.0009 
-49.8 -0.0005 

180.9 0.0336 
238.5 0.0046 
164.6 O.GO3J 

43.5 0.0013 
-85.3 -3.0009 

-2’45.5 -0.0053 
-411.3 -0.0104 
-125.0 -0.0019 

178.0 0.0334 
340.9 0.0368 
221.5 0.0042 

28.0 3.0008 
-5d.3 -0.0007 
-36.5 -0.0003 

-0.9 0.0003 
5.1 0.0003 

-0.4 0.0002 
- 2 . 3  0.0002 
-1.6 0.0002 
-1.2 3.0002 
-1.2 0.5001 
-1.1 3.0002 
-1.3 0.0032 
-1.9 0.0002 
-0-9  010001 
-0.9 0.3002 

-0.7 @ e 0 0 0 1  
-0.6 9.0001 
-0.6 O e O O O 0  
-0.5 0 . ~ 0 0 0  
-0.5 0.GJOO 
-0.5 3.0001 
-Le5 3.0301 
-0.5 0.0001 
-0.5 3.0301 
-9.5 0.0031 
-0.5 G.0001 
-0.5 0.c001 
-0.5 0.0001 
-0.5 3.0001 
-0.5 0.0001 
-016 0.0301 
-0.6 O e O O O l  
-0.6 0 ~ 0 0 0 1  
-0.7 0.0001 
-0.7 Oe0001 
-0,s 0.0301 
-0.8 0*0001 

-0.8 0.0002 
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,YCLE I S  883.3069 LBS 

S T R A I h  LAYER 
1UUT1 1 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0000 
0.0003 
0,0001 
0*0001 
0.0502 
0.0002 
0.0002 
0.0002 
0.0002 
0.0003 
0.0003 
0.0003 
0.0002 
0.0004 
0.0009 
0.0012 

-0 e000 1 
-0.0027 
-0.0037 
-0.0 0 24 
-0.0002 

0.0020 
0.3071 
0.0117 
0 .GO24 

-0.0027 
-0.0058 e 
-0.0034 
-0.0001 

O.CO13 
3.001c 
0. 0003 
0.0001 
c.0002 
0.0002 
0.0002 
0.0002 
0.0002 
0.0002 
o.co02 
0,0002 
0.0002 
0.0002 
0,0002 
u.0002 
0 eo00 1 
0.0001 
0.000 1 
0.000 1 
0. 0001 
0.0001 
(1.0001 
0.0001 
0.000 1 
0.000 1 
o.coo1 
0,0001 
0.0001 
0 eo00 1 
0,0001 
0.0001 
06.0001 
0.0001 
0.0001 
0.0001 
0,0001 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13 
14 
15 
16 
17 
18 
19 
2 0  
21 
22 
2 3  
2 4  
2 5  
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3 8  
39 
40 
41 
42 
43 
44 
-5 
46 
47 
46 
49 
5G 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
62 
6 1  
62 
6 3  
6 4  
65 
66 
67 
68 
69 
7 3  
71 
72 

J= 100 T I M E =  Oe0003010 
TOTAL ENERGY I N P U T  ( I N m - L B e )  = 403.041 

K I N E T I C  ENERGY ( IN.-LRe 1 = 358.536 
E L A S T I C  ENERGY ( I N e - L B a )  = 65.212 
P L A S T I C  WORK ( INe -LBa ) = 39,293 

THE NCMINAL F3RCE AMPLITUDE DURING T H I S  CYCLE I S  

THE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE 
I S  THE SAME AS LAST PRIWTEO 

V 

0.3878 
1.1466 
1.8967 
2.6321 
3.3474 
4.0370 
4.6957 
5.31 84 
5.9003 
6.4369 
6.9241 

7.7355 
8.0535 
e. 3055 
8.501 5 
8,6279 
8.6678 
8.6814 
8.6C89 

8.2540 

7.3581 

8.4678 

7.9723 
7.641 7 
7.2797 
6.8837 
6.4488 

5.4321 
5.9672 

4.8234 
4.1251 
3.3977 
2.6560 
1.4112 
1.1618 
0.4047 

-0.3571 
-1.1164 
-1- e671 

-3.32C8 
-4.0126 
-4.6737 
-5.2991 
-5.8841 
-6.4241 
-6.9151 
-7.3532 
-7.7353 - 8.0583 

- 2.6037 

-a. 3198 
-8.5178 
-8.6509 
-8.7179 - 8.7185 
-8.6525 
- d e  5205 
-8.3235 
-8.063 1 
-7.7412 - 7,3602 
-6.9231 
-6.4333 
-5.8944 
-58 310 6 
-4.6862 
-4.0262 
-3,3355 
-2.6193 
-1.8832 
-1.1329 
-0.3 74 0 

W 

-8.7148 - 8.6470 
-8.5133 
-a.3144 
-8.0521 
-7.7283 
-7.3453 
-6.9062 
-6.4144 
-5.8734 
-5.2876 
-4 e6 61 4 
-3.9995 
-3.3070 
-2.5893 
-1.8519 
-1.1004 
-C. 3408 
0.4212 

1.9286 

3.3 681 
4.0549 
4.7251 
5.3770 
6. C031 

1.1797 

2.6600 

6.5741 
7.1376 
7.5975 
7.9031 
8.1303 
8.3063 

8.6056 
8.6919 

8.4677 

8.7048 
8.6422 
8.5113 
8.3167 
6.0591 

,7.3607 
6.92 54 
6.4371 
5.8996 
5.3169 
4.6936 
4.0344 
3.3444 
.?ea288 
1.8931 
1.1429 
G.3840 

-0.3774 
-1.1369 
-1,8873 
-2.6234 
-3.3393 
-4.02 98 
-4.6895 
-5.3135 
-5.8969 
-6.4354 
-6.9248 
-7.3614 

-8.0632 
-8.3231 
-8,5194 

-8.7 160 

7.7 396 

-7.741 9 

-8.6507 

N 

-2 12.2 
-36.1 
40.5 
21.7 
41.0 

127.3 
167.3 
194.3 
204,O 
196.5 

267-5 
318.8 
359.0 

496.5 
466.5 
393.2 
398.8 
525.8 
522.0 
560.2 
727.8 
912.7 

215.9 

468.7 

1121.6 
1183.3 

M S T R A I N  

-1.1 -0e3001 
- ' e 2  -3.0009 
-1.3 -0.0000 
-1.4 -3.0300 
-1.5 -0.0000 
-1.7 0.0000 
-1.8 0.0000 
-2.0 3.0000 
-2.1 0.0000 
-2.3 0.0000 
-2.5 010000 
-2.8 0.0001 
-3.0 0.0001 
-3.2 0.0001 
-3.8 0.0001 
-4.8 0.OOGl 
-4.1 0.3001 
0.9 0.0002 
2.2 0.0002 

-21.3 -0.0001 
-62 e 8 -0.0009 
-39.9 -0.0304 
99.8 0.0020 

227.8 0.0043 
225.5 0.0044 
144.3 0.0030 

( I N )  
S T R A I N  

( J U T )  
-0.0001 

k3.0310 
0 . 0 ~ 0 0  
0.0000 
0.0000 
0.0001 
0.0001 
0.0001 
0.000 1 
0.0001 
0.0001 
0.COO2 
0.0002 
0.0002 
G.0003 
0.0003 
0. 0303 
0.0002 
0.0001 
0.0006 
0.0013 
0.0009 

-0 e00 14 
-0.0035 
-0.0034 
-0.0020 

1180.3 61.2 0.0016 -0.0005 
1371.4 -37.9 -0.0S01 0.0012 
1423.0 -276.5 -0.0049 0.0069 
1081.1 -437.0 -0.5133 0.0161 
854.2 -131.1 -0.0019 0.0026 
487.2 
518.6 
5 32.9 
419.5 
442.4 
286.3 

305.5 

357.1 

308.9 

412.8 

235.3 

285.4 

390.2 

411.2 

273.6 
206.5 
138.4 
100.8 
101.1 
78.9 
88.4 

163.4 
147.3 
95.9 

164.7 
230.0 
177*1 
45.8 

-61.0 
-106.8 
-1 25.6 
-107.4 
- 74.7 
-69.2 
- 7b.O 
-81.0 

-92*4 
- ao. z 

-137.2 
-243.5 
-3 17-2 

101.5 0.0020 -0.0015 
348.6 0.0071 -0.0064 
322.1 0.0058 -0.0053 
109.0 O.GO21 -0.0017 
-54.0 -0.0007 0.0011 
-69.4 -0.0011 0.0013 
- 1  7e3 -0.0002 0. GO04 

8.9 0.00U3 -0 .00GO 
3.7 0.0002 0.0301 

-2.8 0.coo1 0.0002 
-2.9 0.5001 C.0002 
-1.8 0.0001 0.0002 
-1.6 0.0001 0.0002 
-1.5 0.0002 0.0002 
-1.4 OeC001 OeC001 
-1.3 1.0001 0.0001 
-1.1 0.0000 G e O O O 1  
-1.1 0.0000 0.0001 
-1.0 0.0000 OeOOO1 
-0.9 0.0030 0 . O O J O  
-0.9 3.0000 0.0001 
-0.9 0.3001 O.COO1 
-0.8 3,0300 0.0001 
-0.8 0.0000 0.0001 
-0.8 0.0001 0.0001 
-0.8 0.0001 0.0001 
-0.7 3.5501 0.0001 
-0.7 9eO000 Os0090 
-0.6 -0.0300 -C!.OOOO 
-3.6 -0eOOO1 - 0 ~ 0 C 0 0  
-0,6 -0.0501 -0.G000 
-0,b -0.030i -0.0003 
- 0 s  7 -0. ooou -0. c OO(1 
-3.7 -o*uooo -0.0000 
-0.7 -0.0000 -0.OG00 
-0.7 -0%.0001 -0,000c 
- 0 e 8  -0,3331 -C,00CO 
- 0 e 8  -3.0001 - 0 . O J O O  
-0,d -0.3301 -0.OGOC 

-0*9 -5,0302 -C.OOOl 
-0.9 -0.5301 -0.00~1 
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LAYER 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1@ 
1 1  
12 
13 
14 
15 
16 
i7 
18 
19 
20 
2 1  
22 
23 
24 
2 5  
26 
27 
28 
29 
30 
3 1  
3 2  
33 
34 
35 
36 
3 7  
38 
39 
4 0  
41 
42 
43 
4 4  
45 
46 
47 
46 
49 
53 
51 
52 
53 
54 
5 5  
56 
57 
58 
59 
60 
61 
62 
63 
6 4  
65 
66 
67 
6 8  
6 9  
7 0  
71 
72 

J= 110 TIWE= i).OOO3311 
TOTAL ENERGY INPUT ( INe -LHe 1 = 550.103 

E L A S T I C  ENEKGY ( IN . -LB.1  78.776 
P L A S T I C  NJKK I INe -LBe ) = 49.421 

K I ~ E T I C  ENERGY I IN.-LB. = 421.906 

THE NOMINAL FORCE AMPLITUDE DURING T H I S  CYCLE IS 

THE FORCE D I S T R I 8 U T I O N  DUKING T H I S  CYCLE 
IS THE S A M E  AS LAST P R I N T E D  

V 

0.3887 
L e  1484 
1.8483 
2.633 7 
3.3438 
4.0381 *. 696 5 
5.31 87 
5.900 1 
6.43 61 
6.9225 
7.3557 
7.7322 
8.0491 
8.3040 
8.4946 
8.61 54 
8.6778 
8.6706 
8.5566 
8.4500 

7.9447 
7.6204 
7.2648 
6.8745 
6.4440 
5,57C8 
5.4462 
4.8449 
4.1471 
3.4137 
2.6682 
1.9191 
1.1677 
0.4110 

-1.1104 
-1.86C9 
-2.5974 - 3.3146 
-4.3066 
-4.6680 
-5.2936 
-5.8788 
-6.4192 
-6.9104 
-7,3489 
-7.7313 
-8.0546 
-8.3 165 
-8.5148 
- 8 r 4 4 8 1  
-8.7153 
-8.7160 

a. 2283 

-0.3507 

-8.6502 - 8.51 84 
-8.321 5 
-8.0612 
- 7,7394 
- 7 , 3 5 8 5  
-6.9215 
-6.4317 
-5.8928 
-5.3090 - 4.6846 
-48 0245 
- 3 , 3 3 3 8  
-2.61 76 
- 1,8816 
-1.1311 
-0,3721 

kd 

-8.7118 

-8.5095 
-8.3102 
- 8.5474 
-7.7231 
-7.3396 
-6.9G00 
-6.4076 - 5.866 1 
-5.2799 
-4.6530 - 3.9907 
-3 a 2  97 8 
-2.5798 
-1.8420 
-1.L903 
-0.3305 

1.1900 
1.9379 
2.6671 
3.3745 
4.0643 
4.7386 
5.3935 
6.0226 
6.6204 
7.1740 
7.6443 
7.9509 
8.1584 
8.3175 
8.4584 
8 .5856  
8.6749 
8.6962 
E.6381 
8.5074 
8.3123 
8. G553 
7.7368 
7.3586 
6.9239 
6.4361 
5.8991 
5,3168 
4.6938 
4.0349 
3.3450 
2.6296 
1. R940 

-8.6436 

0.4316 

1.1438 
0.3850 

-0.3769 
-1.1358 
- 1.8861 
-2.6220 
-3.3379 
-4*0284 
-4* 6882 
-5.3121 
-5.0955 
-6.4339 
-6.9233 
-7.3598 
-7.7401 
-8.0614 
-8,3210 
-8,5172 
-8,6483 
-&7133 

N 

-135.1 
-1 03.6 
-95.0 
-53 .5  

0.2 
35.9 
69.7 

115.4 
101.4 
20.7 
12.2 
53.4 

136.2 
131.9 
201.6 
404.5 
534.4 
590.6 
597.4 
621.6 
797.1 
930.0 
992.2 

11 81" 0 
1242.6 
1318.3 

1455.0 
1376.7 

Y S T R A I N  S T K A I N  
( I N )  ( O U T )  

-1.4 -0.0001 -3.0000 
-1.5 -3.3301 -ii.OOOi) 
-1.6 -0*0001 -C.OOOO 
-1.8 -O1b30i 0.0000 
-1.9 -0.0500 9.0900 
-2.1 -n.o33o O,OJJO 
-2.3 -0.0'309 0e0001 
-2.5 O.Oi)0C 0.00Ol 
-2.7 -010000 O e O O O 1  
-2.9 -0.00$1) 0.@001 
-3.1 -3.OCOl 0.0001 
-3.4 -9.0000 0.0001 
-3.6 -0.0000 0.0001 
-4.0 -3.0500 0.0001 
-5.3 -0.0003 O.GOO2 
- 6 . 3  0.013Ql 0eG003 
-2.4 0.0092 0.0003 
5.8 0.0004 0.0002 

-3.6 0.0302 0.0003 
-51.6 -0.0006 0.0012 
- 8 2 . 9  -0eOO11 0.0018 

6.6 3.0005 0.0003 
168.3 3 e C 3 3 3  -0.0025 
239.5 0.0346 -0.0036 
203.9 0.0341 -0.0030 
142.0 0.(,030 -01C019 

-9.3 0.0005 0.0008 
1449.4 -290.4 -0.0051 0.0071 
1122.9 -438.8 -0.3143 0.0181 
8 14.9 -294.7 -0.0547 15.0054 

i02.8 0.0324 -0.0012 

693.8 
667.3 
637.7 
500.5 
384.7 
316.7 
253.6 
27.5 
-3.5 

-49.5 - 63.8 
32.6 

-1 15.5 
-84.1 

- 130.7 
-15.6 
34.4 

-54.2 
14.9 
R6.9 
49.9 
-6 .1  

- 73.9 
-133.8 
-145.1 
-200.8 
-245.7 
-173.3 
-152.1 
-244.8 
-311.6 
-294.5 
-211.7 
-117-4 
-113.3 
-216.3 
-29204 
-252.4 
-162-6 
-140.rt 

-51.7 

125.7 0.0325 -0.0019 
320.9 0.0367 -0,0059 
352.0 O.OC73 -0.0065 
213.5 0.0039 -0.0034 
-12.0 -0.0000 0.0004 
-99.0 -3.0316 Or0018 
-51.4 - 3 . C O O 8  OeO01G 

5.0 0.0001 -0.0001 
12.1 0.0002 -0.0002 
-0.4 -3.0000 -0.0000 
-4.6 - 0 e O O G l  0.0000 
-2.9 -0.0000 0.0001 
-1.8 -0.3001 5.0000 
-1.7 -0.0001 -01000C 
-ie7 -3.0001 -Be0000 
-1.0 -0.0001 -0.0000 
-1.5 -9.03GO 0.0000 
-1.4 - 0 e O O O O  0.C300 
- 1 . 3  -0.c000 -0.0000 
-le3 -J.')OCO 0.0000 
-1.2 0.0500 0eOOO1 
-1.1 -0.0000 0.0009 
-1.0 -0.3GC.O 0.0000 
-1.3 -0.0301 -0eOO00 
-0.9 -3.30G1 -0.0000 
-0.9 -0.0051 4e0001 
-0.8 -0.0351 -0eC301 
-0.8 -0e0001 -B*000 1 
-6.8 -0.0001 -0.0001 
- @ e 8  -0.003i -C~.00Ol 
- 0 1 8  -0,0091 -0.0001 
-0.8 -9.0002 -0~0001 

-3.9 -5.0001. -0.0001 
-1 e 0 -0.0301 -0.0009 
-1.0 -3.0001 -0.00oc 
-1.0 - 0 e O O G 1  -Le0301 
-1.0 -0,OOCl -5.0001 
-1.1 -0,0501 -0.0001 
-1.2 -0,0001 -0.0001 
-1.3 -0,0001 -0.0000 

-i).8 -o.nooi -0.0001 
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L AY ER 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1c 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
21 
22 
2 3  
2 4  
L5 
2 6  
27 
2 8  
29 
30 
31 
3 2  
33 
3 4  
3 5  
3 6  
37 
3 8  
3 9  
4 C  
4 1  
42 
* 3  
4 4  
4 5  
46 
47 
4 %  
* 3  
50 
51 
52 
53  
5 4  
55 
5 6  
57  
5 8  
5 9  
6 0  
6 1  
6 2  
5 3  
6 4  
6 5  
6 6  
b7  
6 8  
6 9  
7 0  
7 1  
7 2  

J= 1 2 0  T I Y E =  Os0003612 
TOTAL ENERGY I N P U T  ( I N . - L 8 . 1  = 629.920 

K I N E T I C  ENERGY ( I I u e - L 8 . )  = 477.385 
E L A S T I C  ENERGY ( IN . -LH. I  = 90.689 
P L A S T I C  WORK ( IN . -LB, )  = 41.846 

THE NOMINAL FOaCE AMPLITUDE DURING THIS CYCLE IS  

Ti iE  FORCE O I S T R I B U T I O N  DURING THIS CYCLE 
IS THE SAME AS LAST P R I N T E D  

v 

0. 392 0 
1.15C7 
1.9095 
2.63 57 
3.3505 
4.03 96 
4.6975 
5.3193 
5.90C2 
6.4355 

7.3536 
7.7290 
8.C448 
8.2982 
8.4871 
8.61 G O  
8.6674 
8.6596 
8.582 1 
8.4271 
8.1587 
7.9172 
7.5997 
7.2494 
6,862 5 
6.4381 
5,9753 
5.4597 
4. E659 
4.168% 
3.4314 
2.6821 
1.9253 
1.1758 
3.41EE 

-0.3426 
-1.1029 
-1.8539 
-2. 5902 - 3.30 7 5 
-4.0001 
-4.661 9 
-5.2880 
-5.8736 - 6.4143 
-5.9059 
-7.3448 
-7.7274 

6.9213 

-8.0510 
-8.3131 
-8.5117 - 8.6452 
-8.7127 
-8.7137 - 8.6481 
-8.5 166 
-8.3199 
- 9.0597 
-7.7380 
-7.3572 
-6.9202 
-6.4303 
-5. 8914 
-5.3075 
-4,6831 
-4 ,0230 
-3.3321 
-2. 6158 
-1.8796 
-1e12 90 
-01 3699 

W 

-8.7089 
-8.6403 
-8.505 7 - 8.3 959 
-8.0426 
-7,7177 
-7.3337 
-6.8935 
-6.4C04 
-5.8583 
-5 a2713 
-4.6438 
-3.9808 
-3.2673 
-2.5687 
-1 e 8 3 0 4  
- l e  0784 
- 0 1 3 1 8 5  

0.4436 
1.2017 
1.3479 
2.6751. 
3.3834 
4.0764 
4.7534 
5.4103 
6.0436 
6.6494 
7.2114 
7.6518 
8.3001 
8.1928 
8.3327 
E.4531 
8.5671 
E.6535 
8.6835 
8.6335 
8.5C47 
8.3C86 
8.0517 
7.7341 
7.3567 

'6.9225 
6.4352 
5.8985 
5,3166 
4.6939 
4.0353 
3.3457 
2.6304 
1.8950 
1.1451 
0,3864 

-c.3753 
-1.1342 
-1.8844 
-2.6204 
-3,3364 
-4.0270 
-4.6868 
-5.3109 
-5.8943 
-6.4328 
-6,922 1 

-7.7388 
-8.3599 
-8.3194 
-8.5153 
-8.6461 
-8.7108 

-7.3585 

N 

188.3 
30.9 

-147.0 
-210.8 
-194.5 
-175.9 
-1 40.4 

-34.3 
166.3 

221.1 
256.2 
303.2 
451.8 

495.2 
631.5 
661.5 
666.8 
757.8 
791.3 
940.1 

1C71.8 

218. a 

468.2 

1195.0 
1245-  1 
1257.2 
1341.5 
1444.5 
1432.4  
1122.7 

682.7 
579.5 
5 32.9 
694.6 
543.4 
434.1 
371.7 
335.9 
384.5 
276.8 
249.7 
249.4 

48.4 
47.5 
46.8 

-120.5 
-177.3 
-277.9 
-328.8 
-230.3 

-344.1 
-355.9 
-462.8 
-424.4 
-4C5.8 
-443.7 
-287.0 
- 34.0 

24.9 
-45.9 - 89.3 
-90.7 
-66.6 

-305. a 

-126.0 
-194.7 
-1 24.3 
- 45.6 
-27.4 
-14 ,8  

57.0 
185.8 

M S T R A I N  S T R A I M  
( I d 1  (OUT1 

-1.9 0.3000 c.0001 
- 1.9 -3 .3360 0.0000 
-2.C -0.0~01 -0.OOOL 
-2.1 -0.0001 -t.0031 
-2.3 -3.0901 -5.0030 
-2.5 -J.0501 -0.0000 
-2.7 -0.3001 -0,ooec 
-3.0 -0.0001 GeODGC' 
-3.3 3.0300 e.0001 
-3.6 0.0000 0.0002 
-3.9 3.3500 0.0002 
-4.2 0.5000 0.0002 
- * e 4  3.0301 0.0002 
-5.5 3.0001 0.0003 
-7.7 0.0001 0.0003 
-6.7 0.0301 0.0003 

3.5 o.oclo3 0.0002 
9.6 0.0905 OeP001 

-25.5 -0.5301 0.0007 
-90.3 -0.0312 0 ~ 0 0 1 9  
-75.8 -0.03C9 0.0016 

77.0 0.0017 -0.0009 
207.8 O.OO40 -C.OOr) l  
227.9 0.0344 -0.0034 
188.0 0.003% -0.0027 
16  8.4 3.0034 -0.0024 

-16.2 5.0303 0.0009 
-288.6 -0.0051 OeC071 
-441.4 -3.0153 0.0200 
-358.4 -3.0069 0.0078 

94.0 0.0019 -0.0014 
31C.3 0.0565 -0.005d 
365.8 0.0083 - 0 0 0 0 7 4  
294.6 OeC053 -0.004R 

74.6 0.0015 -0.0311 
-102.6 -0.0016 0.0319 

-98.7 -0.0316 0.0318 
-17.0 -0.0001 0.0005 

19.9 0,0305 -0e00G2 
7.6 0.0302 -0.0000 

-5.5 0.0300 0 * 0 0 0 2  
-5.3 -0.3501 0.0001 
-2.6 -0eO000 O e O O O 1  
-2.5 - 0 e G 3 C O  0.0001 
-2.1 -0eO001 -0.000G 
-2.0 -0.0001 -0.c.000 
-1.8 -0.Or)OZ -0.0001 
-1 e 7 -0.0002 -0eC.001 
-1.6 -0.0301 - C e O O O l  
-1.4 -U.U002 -0.0001 
-1 e3 -0e0002 -0.000 1 
-1.2 -0.0002 -0.0031 
-1.2 -0.0002 -0.0002 
-1.1 -0.3002 -0.0002 
-1.1 -0.0002 -0.coo2 
-1.9 -0.0302 -0.0002 
-1.1 -0.0001 -0.COOl 
-1.2 -3.03c.D U.0OC' J  
-1.1 - O * O O J O  0 e 0 O O S  
-1.1 -3eUOGO -0.0300 
-1.1 -0.0001 -G.GOOO 
-1.1 -0 ,0001 -0.0000 
-1.1 -ir00301 - 0 ~ 0 0 t O  
-1.1 -0.0001 -0.3CIco 
-1.2 -0e0001 - ~ e G 0 @ 1  
-1 e 2 -0 e 0 0 GO 
- 1 . 3  -0.0703 - C e O O O O  
-1.4 -0.0500 o.oou0 
-1.5 - 3 e 0 0 0 0  G m O O ' J O  
-1.6 - O , L > O S  OeOOOG 
- l e 7  C a 3 3 0 0  0aOOC1 

146.9 3.0031 -0.0020 

-0 e 0 3 C 1  
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671,3223 LRS 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
4 

10 
11 
12 
13  
14 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21  
22 
23 
24  
25 
26 
27 
28  
29 
30 
31  
32  
33  
34  
35  
36  
3 7  
38 
33 
43 
4 1  
42 
4 3  
.t4 
45 
46  
r 7  
48 
49  
50 
51 
52 
53  
54 
55 
56 
5 7  
58  
5 9  
00 
6 1  
62 
63  
04 
65 
66 
67  
6d 
6 9  
70 
7 1  
72 

J =  130 T I M E =  OeOGO3913 
TGTAL EhERGY INPUT I I N e - L B . )  = 696.557 

K I h l E T I C  ENERGY I I N e - L B e  I = 523.394 
E L A S T I C  ENERGY I INe -LHe I = 99.823 
P L A S T I C  W J R K  ( I N e - L H e )  73.640 

THE N J P I N A L  FORCE AMPLITUOE DURING T H I S  CYCLE I S  

THE FORCE D I S T R I B U T I O N  DURING T H I S  CYCLE 
I S  THk S A M E  AS LAST PRINTED 

v 

0.3941 
1.1528 
1.9021 
2.6378 
3.3526 
4.0414 
4.6992 
5.3206 
5.9059 
6.4350 
6.9204 
7.3516 
7.7259 
8.0402 
8.2919 
8.4797 
e, 5999 
8.6569 
8.6478 
8.5634 
8.3987 
8.1673 
7.8905 
70 5786 
7.231 5 
6.8484 
5.432 E 
5.9798 
5.4724 
4.8863 

3.4500 

1.9412 

4.1890 

2.6970 

1.1858 
0.4279 

-0.3333 
- L. c943 - 1.8461 
-2.5823 
-3.2993 
-3.9922 
-4.6548 

-5.8676 
-5.281 5 

-6.4088 
-6.90 10 
-7.3404 
-7.7236 
-8.0476 
-8.3102 
-8.5091 

-8.71C8 

-8.6465 
-de 5150 

-8.6430 

-8.7119 

-8.3184 
-8.0583 
-7.7366 
-7.3558 
-6.9188 
-6.4289 

- 5.3059 
-4.68 1 4  
-40 0212 
-3.3302 

-5.8899 

-2,613 8 
-1,8775 
-1.126s 
-0,3478 

I4 

-a. 7061 
- 8.6371 
-8.50213. 
-8.3016 
-8.0377 
-7,7121 
-7.3273 

- 6.3 92 3 
-5.8493 
-5.2615 
-4. 6 332 
-3.3695 
-3,2 754 
-2,5561 
-1.8173 
-1.0650 
-0.3051 

0.4569 
1.2143 
1.3584 
2.6846 
3.3947 
4.0902 
4.7688 
5.4278 
6. 366d 
6.6799 
7.2493 
7.7394 
8.0473 
8.2335 
8.3522 
8,4510 
8.5516 
8.6303 

8.6263 

8.3361 
8.0482 
7.7314 
7.-3553 
6.9220 
6.4352 

5.3174 
4.6950 
4.0365 

2.631 9 
1.8964 
1.1464 
0.3876 

-013742 
-1.1332 
-108836 
-2.6196 
-3,3356 
-4.0262 
-4.0859 
-5.3100 - 5.8934 
-6.4319 
-6. 9211 
- 1,3575 
-7,7376 
-8. C585 
-8.3178 
-8.5135 
-8.6440 
-8.7084 

-6.8862 

8.6653 

8.5027 

5. a969 

3.3471 

N M S T R A I N  S T R A I N  
I I N I  ( O U T )  

84.4 -2.1 -5.0000 0.0031 
187.9 -2.3 0e5300 0.0091 
244.L -2.5 0.0001 0.C001 
234. 5 -2.7 3 e G ’ l O l  3.0001 
258e2 -2.9 3.3001 Oe0002 
314.5 -3.2 0.0001 OeOOO2 
490.8 -3.5 3.0001 0.0003 
569.1 - 3 . 8  Oe0002 0.0303 
548.8 -4.1 0.5002 0.0303 
576.8 -4.5 0.0002 J.OC03 
433.4 -4.8 OeOOU1 0.0003 
345.1 -4.8 0.000i 9.0002 
380.3 -5.4 0.0001 0.0003 
391.6 -7.9 0.0090 5.0003 
469.5 -10.3 0.0000 0.0004 
553.1 -3.0 3.0002 G.OOG3 
577.4 13.6 9.0005 0eOOOO 
608.8 2.3 0.0303 0.0002 
601.4 -67.5 -Om0509 0.0014 
696.0 -113.5 -5.0317 0.0023 
796.8 -19r5  0.0000 0.0007 
865.1 139.U 5.0028 -0.0020 
958.4 216.7 0.0942 -0.0033 

1520.0 208.3 0.0040 -0.0032 
1044.4 193.4 0.0038 -0.0029 
1398.Y 215.5 0.0042 -0.GO3Z 
1191.0 159.5 0.0033 -0.0022 
1224.2 -24.7 9.0001 G . O O l @  
1234.9 -278.6 -0.0350 0.0068 
907.3 -449.7 -0.0167 0.0219 
572.1 -368.9 -0.0377 0.0084 
376.4 -21.8 -0a0002 0.0005 
584.5 309.1 0.3065 -0.0057 

512.6 330.0 0.0361 -0.0055 
455.6 172.7 3.0032 -0.0028 
396.9 -58.0 -0.050b 0.0012 
369.7 -140.7 -0.0023 0.0026 
258. 3 -62.4 -0.0010 OeGO12 
270.6 16.6 0.0004 -0.0002 
353.5 22.1 0.0005 -0.0002 
251.8 -1.1 G.COG1 0~0001 

501.8 381.3 0.0093 -0.0086 

181.5 
81.2 
77.8 

161.9 
8. h 

-45.9 
-9.6 

-74.9 
77.5 

179.3 
23.7 

-46.8 
-1 31.7 
-147.7 
-139.9 

-147.4 
-i28.2 
-1?Y,3 
-195*4 
-131.6 

15. 7 
8-7  
9,5 

33.5 
-11,8 

11.6 
42.1 

6,9 
-2.8 
31oC 

-8.8 -0.0001 
-4.6 -5.0500 
-2.2 -0. GOO0 
-2.3 0.0300 
-2.5 -0.0000 
-2.3 -0.5001 
-2.1 -0.3000 
-2.0 -0.0001 
- i e 9  -0.UUL0 
-1.8 0.0000 
- 1 e 6 -0 e0300  
-1.5 -0.0001 
- 1.4 -5. 0001 
-1 e 4 -0 0 5 u 1 
-1.4 -7.0301 
-1.3 -3.COi;l 
-1.3 -0eO301 
-1.3 -0 .OOPl  
-1.2 -0.0301 
-1.3 -.3.0001 
-1.3 -;1.0300 
-1.4 - 0 e  O O O J  
-104 -0eOOC3 
-1.4 -00 OOGO 
-1,5 -0.0000 - 1 e 6 -0. (, 000 
-1-6 -0.0000 
- i e 7  -0.OJOO 
-1.8 -0.3503 
-2.0 - 0 . O J O O  

146 

0.0002 
0.0001 
0.000 1 
0.0001 
0.0000 
0.0000 
0eOc)O i i  

-0.0000 
U.OOG 1 
0. coo1 
0.0000 
0.c300 

-0. i)ooo 
-0.0009 
-0.0050 
-0.0903 
-U.O000 
-3.C30C 
-0.0301 
-0.0000 

c~.oooo 
0. oooc 
0.0030 
ir.0000 
o.ooc10 
0.5Oir5 
0.0000 
u ~ O G J O  
O . C O J 0  
3.00097 

558e5859 L 8 S  

LAYER 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
; 3  
14  
15  
16 
17 
1 8  
19 
20 
2 1  
22 
23 
2 4  
25 
26 
27 
2 8  
29 
3 @  
31 
32 
33  
34  
3 5  
36  
37 
38 
39 
40 
41  
4 2  
43 
44  
45 
46 
*7 
48 
45 
5 3  
51 
52 
53 
54 
55 
56 
57 
58 
59 
60  
6 1  
6 2  
6 3  
b 4  
0 5  
0 6  
67 
68 
6 9  
7 0  
7 1  
72  

J= 140  T I K E =  0.0004214 
T O T A L  ENERGY INPUT ( I N . - L n . )  = 751.a20 

K I N E T I C  ENERGY ( I N e - L R e  I = 558.481 
E L A S T I C  ENEKGY ( I N e - L B e  J = 136.951 
P L A S T I C  WJRK ( I N a - L R o )  = 84.388 

THE hCMINAL FORCE AMPLITUDE OURING T H I S  C V C L E  I S  

THE FJRCE O I S T R I B U T I J N  DURING T H I S  CYCLE 
I S  THE SAME AS LAST P R I N T E D  

V 

0.3970 
1.1557 
1.9056 
2. E4Cb 
3.3551 
4.0437 
4.7010 
5.3218 
5.9014 
6.4352 
6.9190 
7e34S1  
7.7222 
8.0350 
8.2847 
8,4692 
8. 5897 
8.6468 
8.633 9 
8.53 55  
8.3670 
8.1364 

7.5563 
7.2114 
6. 8346 
6.4288 
5.9839 
5.4834 
4.9042 
4.2081 

2.7128 
1.9541 
1.1969 
0.4381 

-0.3231 
-1.0844 
-1.8378 
-2.5743 
-3.2905 
-3.9833 
-4.6468 
-5.2744 
- 5 e 8 6 i l  - 6.402 9 
-6.8957 
-7.3358 
-7.7195 
- 8 e 0 4 4 2  
-8.3071 
-8.5065 
-8.6408 
-8.7089 
-8.7103 

7. a645 

3.4684 

-8.6451 
-8.51 37 
-8.31 7 2  
-8.0570 
-7.7353 
-7.3544 
-6.9173 
-6.421 4 
-5. (1883 
- 5.3042 
-4.6795 
-4.01 91 
-3.3280 
-2.611 5 
-1, E750 
- 1.1242 
-0- 3 650 

&4 

-8.7036 
-8.6334 
-8.4976 
-0.2966 
-8.1319 
-7.705b 
-7.32 30 
-6e8782  
-6.3835 
-5.8397 
-5.2510 
-4.6220 
-3.9576 
-3.2627 
-2. 5427 
-1.RG33 
- l a c 5 0 7  
- C *  2909 

0.4711 
1.2272 
1.9695 
2.6958 
3.4076 
4.1046 
4.7841 
5.4465 
6.0917 
6.71 06 
7.2858 
7.7839 
8. c 9 4 4  
8.2780 
8.3787 
8.4523 
8.5387 
8.6082 
8.6427 
8.6142 
8.5002 
8.3052 
8.0454 
7.7284 

.7e 3 537 
6.9216 
6.4354 
5.8996 
5.3185 
4.6963 
4.0381 
3.3487 
2.6335 
1.8981 
1.1481 
0. 3 892 

-0.3729 

- 1,8826 
-2.6188 
-3.3349 
-4.0255 
-4-6654 
-5.3094 
-5.9928 
-6.4312 
-6.9 204 
-7.3564 
-7,7366 
-8,5573 
-8.3163 
-8.5117 
-8.6418 
-8.7058 

-1.1320 

N M S T K A I N  STKPIN 
( I U J  ( O U T 1  

362.4 -2-6 O m C 3 C 1  0.0302 
397.9 -2.8 0.3301 c.0002 
536.7 -3.0 UetJ002 OeC303 
500.8 -3.2 0.93U2 0.0003 
436.9 -3.5 0.03G1 0.0002 
467.8 -3.8 3.0001 5 e O O O 3  
438.1 -4.1 0.0001 0.30C3 
417.8 -4.4 3.bOO1 G e 0 0 0 3  
385.7 -4.8 0.0031 0.9002 
373.5 -5.3 S e 3 J C l  0*0OC2 
644.2 -5.4 0.0301 0.0003 
450.3 -5.4 0.0001 0.0003 
475.6 -7.3 0.9301 0.0003 
5d4.0 -1i .9 0.0000 0.0005 
663.4 -10.7 0.0001 0.0C05 
757.3 7.9 0.0305 0.0002 
738.3 21.1 0.0007 -0.00JO 
635.2 -28.1 -0.0302 d.C.008 
566.8 -114.8 -0.9017 0.092% 
535.4 -98.1 -3.0915 0.0319 
533.2 47.4 OeG010 -0.0006 
481.1 173.2 0.9332 -0.0029 
414.2 206.2 0.9337 -0.0034 
455.7 196.8 3.0336 -0.0332 
611.2 229.3 3.0042 -0.0037 
637.2 249.2 0.0046 -0.0049 
744.4 147.9 0.0029 -0.0022 
774.2 -32.7 -5.0302 0.0009 
744.9 -2660 4 -0.G950 0.C 364 
665.6 -456.3 -0.0177 0.0229 
48409  -380.4 -0e00d6 0.0092 
468.3 -136.1 -0.OJ21 0.0025 
327.5 253.9 1).0054 -be0049 
453.0 401.8 0.0107 -0eBlOL 
485.9 346.3 0.006n -c.c062 
472.0 237.8 0.3043 -0.CQ39 
354.2 27.0 0.3006 -0.3003 
158.6 -147.5 -0.0025 0.0026 

94.6 -123.9 -0.0021 0.0C22 
70.7 
55.3 

167.1 
283.5 
406.3 
475. h 
295.9 
303.9 
450.1 
456.1 
416.6 
274.7 
2 8 4 .  e 
432.1 
371.0 
415.4 
508.1 
359.3 
316.1 
229.2 

93.6 
142.3 

68.2 - 30.9 
12,3 
83.4 

2 2 9 - 7  
278.2 
110.9 

61.4 
234.7 
3 1 2 a  7 
322.6 

-10.8 -5.0002 
36.0 0 e O O O 6  
12.8 3.0003 
-10.0 -0.C001 

-9.3 0.3003 
-3.3 0.jOO1 
-2.2 0.5OLJl 
-2.9 0.C001 
-3.0 0.9301 
-2.7 0.0301 
-2.4 O . C O 0 1  

-2.2 0.0001 
-2.1 0.3301 
-2.0 O . J O G 1  
-1.9 0.0001 
-1.8 3.0002 
-1.7 o.oc~ol 
-1.7 0.0501 
-1.6 3.0001 
-1.5 0.3339 
-1.5 O.CSC5 
-1.5 3.0593 
-1.5 -u .oocu 
-1.6 -0aC330 
-1.7 3 e 0 0 0 5  
- 1 e M  3.0301 
-1.8 0 . 0 5 ~ ~  
-1.8 0.0t30 
-1.9 -0.0500 
-2'al 0 . O O U l  
-2.3 0.0301 
-2.4 0.OSOl 

-2.2 UesJJ01 

147 

0.0302 
-0.0006 
-0.0002 

0.0003 
0.0063 
0e0903  
u.0002 
5.0002 
0.C3C.2 
0.0302 
J. r 0 0 2  
0.9c02 
0 ~ 0 0 0 2  
0.0002 
O.OOG2 
0.0002 
0.0002 
0.0GC2 
J.0002 
s.0001 
9.coo1 
@ . G 3 L  1 
J.0301 
G,003C 
G.3300 
C . G O C 1  
u.0001 
0.0001 
0.0301 
2.0501 
u.c9r1 
0. 04332 
b .03G 2 

549.3857 LBS 

L A Y  EK 
1 



I 

1 
i 
3 
4 
5 
6 
7 
8 
9 

1 0  
11  
12 
13 
1 4  
15 
16 
17 
16 
19  
20 
21 
22 
23 
2 4  
2 5  
2 b  
27 
28 
29 
30 
31 
32 
33 
34  
3 5  
3 6  
37 
38 
39  
40 
4 1  
r i  
4 3  
4 4  
4 5  
46 
r 7  
4 b  
49 
53 
51 
52 
53 
54 
5 5  
56 
57 
58 
59 
6 3  
b l  
6 2  
6 3  
6 4  
0 5  
66 
67  
68  
0 9  
7G 
7 1  
7 2  

J=  1 5 0  TIME= Ue0004515 
TOTAL ENERGY I N P U T  ( I N e - L R . )  = 802.098 

K I N E T I C  ENERGY ( IN.-LH.  I = 590,344 
E L A S T I C  ENEHGY (IN.-LB.)  = 116.726 
P L A S T I C  MURK ( I N . - L B . )  = 95.928 

THE NOMINAL FORCE AMPLITUDE dURING T H I S  CYCLE I S  

THE FORCE O I S T R I B U T  I 0 N  IJURIMG T H I S  CYCLE 
I S  THE SAME AS L A S T  P R I k T E O  

V 

01 4003  
1.1590 
1.9086 
2.643 3 
3.3575 
4.045 7 
4.7024 
5.322 6 
5.9014 
6.4344 
6.5172 
7.3462 
7,7179 
3.0289 

8.4590 
6.2761 

8.5801 
arb366  
8.6161 
8.5112 
8.334 7 
8.1C7C 
7.8389 
7.5322 
7.19C7 
6.822 4 
6.42 54 
5.5877 

4.9177 
5.4918 

4.2203 
3.4657 
2,7286 
1.9679 
1.2089 
0.4494 

-0.3120 
-1.0736 
-1.8288 
-2.5668 
-3.2825 
-3.9746 
-4.6386 
-5.2672 
-5.8546 
- 6e39b9  
-6.8902 
-7.3307 
-7.7150 
-8.0400 
-8.3035 
-8.5033 
-8.6379 

-8.7081 
-8-  6 4 3 1  
-8.5120 
-8.3157 
- 8.0556 
-7.7339 
-7.3531. 
- 6 - 9 1  5 9  
-604257  - 5 a  8864  - 5- 3020  
-4.6771 
- 4,016 5 
-3.3251 
-206083  
-1.8717 
-1.1209 

-8.7063 

-9.361 6 

W 

-8.6992 
-8.6290 
-8.4926 
-8.2909 
-8.0255 
-7.6983 
-7.3120 
-6.8694 
-6.3739 
-5.8292 
-5.2397 
-4.5 100 
-3,9448 
-3.2492 
-2.5285 
-1.7889 
-1.0367 
-0.2770 

0.4848 
1.2394 
1.9807 
2.7078 
3.4211 
4.1168 
4. dG01 
5.4673 
6.1179 
6,7417 
7.3208 
7. E248 
8.1 453 
8.3247 
8.4124 
8.4593 
8.5271 
8.5 884 
8.6185 
8.5965 
0.4948 
8.3053 
8.0438 
7.7.249 
7.3510 
6.9203 
6.4350 
5.0997 
5.3 189 
4,6972 
4.3391 
3.3500 
2.63 51 
1.8998 
1.1498 
0.3910 

-0.3710 
-1.1302 
-1.8839 
-2.61 72  
-3.3335 
-4.0243 
-4,6 643  
-5.3084 
-5.8920 
-6.4334 
-6,9196 
-7.3557 
-7,7355 
-8.0559 
-8.3146 
-8.5C 95 
-e. 6392  
-8. 7026 

N ?4 STRAIY 

259.0 -3.3 0.3331 
353.8 -3.2 0.0301 
187.3 -3.4 t~e0000 
124.8 -3.7 -0.0300 
197.3 -4. J OeOJUU 
261. 5 -4.3 Oe0J00 
301r8  -4.7 0.0300 
276.3 -5.1 5.0303 
2Y8.1 -5.7 0.0000 
371.9 -6.1 0 . O O C l  
40Y. 6 -5.8 0.00C1 
430.8 -6.4 0.0301 
377.8 -11.1 -0*JOC3 
294.4 -16.6 -0.8002 
155.5 -3.6 0. 0300 

12.7 25.1 0.0004 
77.9 11.4 0.8302 

220- 4 -80.5 -0. @313 
245.5 -138.6 -0.0023 
246.3 -48. 3 -3.0007 
328.5 101.0 0.0319 
378.9 101.3 0.0333 
543.0 188.8 0.0035 
624.4 212.4 0.0039 
68O.Y 275.0 G.UO50 
635.2 253.6 0.0046 
546‘4 134.6 0.0326 
555.0 -52.3 -0.0307 
481.8 -253.3 -3.0349 
4 3 6.2 -43 0 e 1 -3.0 17 3 
275.8 -408.8 -0.0107 

43.5 -203.2 -0.0535 
100.9 149.1 0.0335 

92.0 417.1 0.0115 
260.0 365.6 0.0383 
387.0 267.8 0.0348 
424.8 109.3 Oe0021 
372.2 -102.5 -0.3516 
296.2 -174.9 -0.0029 

(1-4) 

343.6 
445.3 
444.7 
468.2 
484.8 
391.1 
3 57.6 
363.6 
360.8 
429.3 
334.0 
295.5 
321.9 
231.0 
306.2 
379.1 
404.1 
563.3 
546.3 
539.9 
bl5.4 
490.6 
572.3 
727.7 
66507  
645.8 
594.8 
552.3 
589.3 
438.0 
285.7 
341.6 
252.6 

-68.0 -0.0010 
34.0 010338 
35.4 O.OOC8 
-2.8 0.0002 

-15.1 - 0 e O S G 1  
-7.1 3.3000 
-2.1 0eOGGi 
-2.6 0.5301 
-3.4 0.0OGl 
-3.2 0.050i 
-2.8 0.0001 
-2.6 0.03Qi 
-2.4 O e O O O 1  
-2.3 G.0001 
-2.2 0.~0Cl 
-2.1 0.00c1 
-2.1 0.3301 
-2.1 3 .33c2  
-2.0 0.0302 
-2.G 5.1302 
- l e 9  3.0302 
-1.9 ir.0002 
-2.0 0.0002 
-2.3 0 e O 0 0 5  
-2.0 0.0003 
- 2 0 1  0.0502 
-2.1 3.3002 
-2c2 0,0002 
-2.3 0.0002 
-2.3 0.0501 
-2e5  O e G O G l  
- 2 e 6  O e O O C 1  
-2.8 o c o o o i  

148 

STRAIN 
(QUT I 

J.0902 
C.0002 
0.0301 
i. coo1 
000002 
c.0002 
c.0002 
v . G u0 2 
0.c302 
G.9303 
C.0003 
0.0003 
9- C O O 4  
0.0004 
0.0501 

-0.0004 
-0.0302 

3.001 5 
‘2.0025 
C .OD09 

-0.00 16 
-C e0030 
-3.5030 
-0.0034 
-C. 0 0 44 
-5. C041 
-0.002 1 

0.0011 
0 0 0 0 6 1  
0.0224 
0.0111 
3.0035 

-6 -0032  
-0.3114 
-0.0077 
-0.OC45 
-0. C 0 17 

G.0319 
0. GO3 1 
0.0013 

-0 -0004 
-0.0004 

0.0002 
0.0005 
OeC003 
0.0002 
0,0002 
u.0002 
i .0002 
0. 0002  
u.0002 
0.0002 
0.0001 
0.0002 
0. 0002 
ir.oou2 
w.0003 
2. C303 
O.tJJG3 
0. GO03 
c .coo2 
0.0303 
0.0703 
0.0003 
0.0303 
0.0033 
Oe0903 
0,0003 
0.0002 
0.0002 
0.0002 
u.0002 

446.4332 LBS 

LAYER 
1 



J= 160 T I  ME= Oe0004816 
TOTAL ENERGY I N P U T  l IN . -LH. )  = H42.913 

K I N E T I C  ENERGY ( I N e - L B e )  = 611.320 
E L A S T I C  ENERGY ( IN . -LB. )  = 122.503 
P L A S T I C  WORK [ INm-LR, 1 = 109.090 

THE NGMINAL FDRCZ AMPLITUDE DURING T H I S  CYCLE I S  

T H E  FilRCE D I S T R I B d T I U N  DUQING 1 d I S  CYCLE 
IS THE S A M E  A S  L A S l  Pt7INTFD 

1 

1 
2 
3 
4 

6 
7 
8 
0 
10 
11  
12 
13 
14 
15 
16 
17 
1 8  
i 9  
2G 
21 
22 
2 3  
2 4  
2 5  
2 6  
2 7  
28 
29 
30 
3 1  
32 
3 3  
34 
35 
36 
37  
38 
39 
40 
41  
42 
43  
4 4  
45  
46 
47 
4 8  
49  
50 
5 1  
5 2  
53 
54  
55 
56 
57 
58 
59 
60  
6 1  
62 
6 3  
6 4  
65  
66 
67 
68  
6 9  
10 
7 1  
7 2  

3 

V 

0.4033 
1.1619 
1.9114 
2,646 0 
3,3599 
4.0476 
4.7038 
5.3232 
5,9012 
6.4332 
6.91 4 9  
7.342 7 
7.7130 
8.0218 
8.2666 
8.4495 
8. 572 0 
8.6240 
8.5938 
8.48C5 
A.3033 
8. c 7 e 5  
7.8120 
7.5065 
7.1711 
6.8119 
6.422 9 
5.99C8 
5.4985 
4.9283 
4.243 5 
3.501 7 
2.1433 
1.9814 
1.220 5 
0.4605 

-0.3011 
-1.0621 
-1.8192 
-2.5597 
-3.2756 
-3.9661 
-4.6255 - 5.2592 
-5.6476 - 6.3903 
-6.8839 
-7.3250 
-7.7098 
-8.0354 - Ue 2993 

-8.6344 
-8.7031 
-8.7051 
-8.6404 
- 8.5094 
-8.3131 
-8.0532 

-a. 4994  

-7.7316 
-7.3507 

-6.4234 
- 5,8841 
- 5.2997 
-4 -  614 7 
-4.0140 
-3.3226 

-6,9135 

-2,605a 
- 1. ab90 
-1.1181 
-0.3587 

vi 

-8.6949 - 8.6242 
-8.4871 
-8.2847 

-7.6906 
-7.3034 
-6 e 860 1 
-6.3638 
-5.8184 
-5.22d2 
-4.5979 
-3.932 1 
-3,2357 
-2.5142 
-1.7747 
-1.0227 
-0.2627 

0.4987 
1.2521 

-a. 3 185 

1 e 9932 
2.7213 
3.4351 
4.1331 
4.8173 
5.4894 
6.1447 
6.7125 
7.3548 
7.8632 
8.198 1 
8.3728 
E. 4499 
0.4747 
8.5169 
8.5699 
8.5951 
8.5746 

8.3047 
8. c439  
7.7218 
7.3472 
6.9182 
6.4343 
5.8995 
5.3191 
4.6978 
4.0402 
3.3512 

E .4a41 

2.6363 
1.9011 
1.1511 

-003697  
-1.128 3 
-168795 
-2.6158 
-3.3321 
-4.0229 

-5.3070 
-508904  
-6.42 87 
-6.9178 
-7.3537 
-7- 7333  
-8.0535 
-8.3120 
- 8 r  5C66 
-8.6359 
-8.6989 

a. 3923 

-4.6829 

N M S l R A I N  STRAIN 
( I N 1  ( 3 U T l  

405.3 -3.5 3.0001 OeOOC2 
341.3 -3. 7 3.3031 C e  COO2 
388.8 -4.0 3.0301 O.GO32 
310.3 -4.3 ii.CO01 ;*OCO2 
214.3 -4.6 3.C000 5.0002 

95.0 -4.9 -0.0003 0.0991 
-129.4 -5.2 -0.G332 O.OJ00 
-227.5 -5.8 - J .  0002 -0. GO00 
-129.5 -6.5 -0.J302 G.003C 

-43.0 -6.3 -0.5011 2.0301 
-d7.8 -5.7 -0.3301 0 e 0 3 0 1  

-139.9 -8.8 -3.0302 c.00Gl 
-86.7 -17.4 -9.0303 O.OOC3 
-43.2 -16.1 -0eSJ03 u.0303 
-51.3 14.4 0.C502 -0.0003 
-12.0 36.4 6.0006 -O.GOOb 

195.8 -133.1 -0.3022 OvC024 
263.6 -122.7 -0.0020 OeL022 
238.7 11.0 0*0003 -0.0001 
332.9 129.9 0.0024 -0.0021 
356.5 170.0 5.3531 -0.0028 
291.6 185.2 0.0033 -0.C031 
271.6 255.7 O.OC45 -0.0043 
275.6 300.7 0.C053 -C.0051 
410.5 246.3 3.0344 -0.0041 

111.3 -27.4 -O.OOO+ 0.0305 

438.4 116.3 0.0022 -u.Goitl 
515.7 -67.8 -3.0309 c . c o i 4  
685.9 -246.1 -0.0347 L e O O b O  
736.2 -353.7 -0.0159 G.0212 
583.5 -447.0 -0.0132 0.0140 
434.7 -247.2 -U.0041 0.0044 
377.7 63.6 3.0Oil -0eOOlh 
382.2 383.5 3.0112 -0.0108 

199.4 292.8 0.0351 -u.C35C 
218-6 157.9 0.0326 -0.0026 
221.1 -27.7 -0.0054 0.0006 
192.0 -181.8 -0.0031 0.0032 
171.9 -140.9 -0.0024 0.0025 
165.6 9.5 0.0001 0 ~ 0 0 0 1  
157.3 

90.7 

285.5 398.2 0.0133 -0.0100 

29.7 
54.7 

120.3 
2i2.4 
255.4 
253.6 
447.4 
617.5 
492.  6 
393e3 
311.1 
363.1 
494.5 
401.C 
394.3 
477.0 
427.1 
415.2 

362. 8 
585 , l  
446.7 
337.7 
441.4 
302.7 
386.3 
518.0 
462.2 

340.1 

504.2 

56.2 
ia.7 

-16.7 
-1 4.8 

-3.7 
-1.6 
-3.4 
-3.8 
-3.4 
- 3 . 1  
-2.9 
-2.7 
-2. b 
-2.5 
-2.4 
-2.3 
-2.3 
-2.2 
-2.2 
-2.2 
-2.2 
-2,3 
-2.3 
-2.3 
-2.4 
-2.5 
-2 .  b 
-2.8 
- 2 - 9  
-3.1 
-3,3 

0.0010 
i1.0C)04 

-0.0003 
-5.0002 
-9.0500 
2. duwi 
0.0500 
3.7300 
0.0 301 
5.3002 
3.0002 
5.0001 
3 ~ 0 0 0 1  
0.0001 
0.0002 
0. 0301 
OeO001 
3.0502 
0.0001 
3.00Jl 
0.0001 
0.0001 
3.0302 
0.9302 
3.0201 
0.0001 
O.GOO1 
0.0001 
0.3592 
0e0OOi 
5.0002 

-9.0009 
-C.0003 
0. C 003 
G.00b3 
c.0301 
L1.C001 
0.0002 
G.0002 
be 0002 
0.0003 
0.0003 
0.0032 
u.0002 
0.0002 
O . U J 3 9  
U,00G2 
0. I- 0 0 2  
6.0002 
0. c 302 
O.GOO2 
0.0002 
c j ,  coo2  
0.0003 
0. 00c2  
0.0002 
0.0902 
0.0392 
0.0002 
0.0003 
0.000 3 
0,0003 

377.4614 L 9 S  

LAYER 
1 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 4  
1 5  
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3 0  
31 
32 
33  
3 4  
35 
3 6  
3 7  
36 
39  
40 
4 1  
4 2  
4 3  
4 4  
45  
4 6  
47 
4i! 
4 9  
50 
5 1  
5 2  
5 3  
5 4  
55 
56 
57 
58  
59 
60  
61  
6 2  
6 3  
6 4  
65 
66 
07 
6 8  
6 9  
70  
7 1  
7 2  

J= 170 T I M E =  C.0005117 
T O T A L  ENERGY INPUT (IN.-LB.) = a 7 z e i 3 6  

K I N E T I C  €NERGY I IN.-LBe ) = 621.921 
E L A S T I C  ENERGY I INo-LBe 1 = 127.091 
P L A S T I C  WORK ( I N e - L B e )  = 1230215  

THE NCPINAL FLlRCE A M P L I T U 9 E  DURING T H I S  CYCLE IS 

THE FORCE O I S T K I R U T I u X  DURING T H I S  CYCLE 
IS T H t  SAME AS LAST P R I N T E D  

v 

0.4054 
1.1638 
1.9132 
2.647 5 
3.3612 
4.54 86 
4.1044 
5.3234 
5.9007 
6.4319 
6.9128 
7,3357 
7.7082 
8.0142 
8.2 576 
8.4423 
a. 5649 
8.6099 
8.5679 
8.4496 
8.2733 
8.0501 
7.7832 
7.4805 
7,153 1 
6.8022 
6.4204 
5.9922 
5.5026 

4.2584 
3.5162 
2.7570 
1.9948 
1.2329 
0.4722 

-0.2893 
-1.05C9 

-2,551 8 - 3.26S6 
-3 e 95 86 
-4.6204 
-5.2506 - 5.8406 
-6.3840 
-6.8779 
-7- 3192 
-7.7044 
-8.0303 

-8.4950 
-8.6302 
-8.6992 
-8.1014 
-8.6369 
-8.5060 
-8.3099 
- 8- 0 5 0 1  
-7.7285 - 7.3477 
-6.9106 
-6.42 05 
-5.8812 
-5.2969 
-4.671 9 
- 4 e  0 1  1 3  
-303198  
-2.6031 
-1,8664 
-1,1156 
- 0 e  35b4  

4.9372 

-i.8083 

-8.2945 

w 

-8.6 901 

-8.4814 
-8.2785 

-7.6832 
-7.2954 
-be8512 
-6.3541 
-5.8C78 
-5.2168 
-4.5857 
-3.9168 
-3.2211 
-2.4992 
- 1.7601 
-1.0081 
-0.2477 

0.5131 
1.2657 
2.3070 
2.7355 
3.4493 
4.1486 
4.8367 
5.5132 
6.1728 

7.3877 

- 8.5190 

-a. 0 118 

6. d032 

7.9013 
8.2484 
@e4209  

8.4981 
8.5101 
8.5522 
8. 5726 
de5513  
8.4681 
8.3012 
8.0458 
7.7207 
73 3431 
6.9148 
6.4327 
5.8988 
5.3186 
4.6975 
4.0402 
3.3516 
2.6370 

1.1522 

-0.3684 
-1.1275 
-1.8780 
-2.6143 
-3.33G5 
-4 32 12 
-4.6di 1 
-5.3050 
-5e8884 
-6.4265 
-6.915 3 
-7.3511 
-7.7305 
-8.0505 
-8.3 086 
-8.5029 
-8.6319 
-8e6S44  

8.48Rl 

1.9020 

0.3935 

N H STRAIX  STRAIN 
{IN) (OUT!  

-L84.1 -3.8 -0,0002 -0.000C 
-65.2 -4.1 -3.3001 0.0000 
-28.4 -4.5 -0.J001 G.0031 

20.5 -4.8 -0.0301 0.0001 
44.7 -5.2 - 3 . O O C l  0. t901 
93.2 -5.6 -0e0301 0.0001 

161.2 -6.2 -0.0SOS 0.0002 
120.9 -7.0 -0*0001 O e C O O Z  
126e7  -7.3 -0.0001 0.0002 
223.5 -6.1 -3.3300 0.0002 
221.6 -6.5 -D.CGOO 0 * 0 0 0 2  
156.8 -15.0 -0.0002 0.0003 
137.2 -24.3 -0.0004 000005 
41.7 -4.9 -0.0001 0.0301 

-20.2 39.4 0.0007 -0,0007 
2.6 23.7 0.0004 -0.L.004 

-25.6 -156.8 -0.0027 0.0027 
-25.3 -77.8 -0.0014 O.CO13 
101.1 56.7 0.0010 -0.0309 
249.6 134.7 0.0024 -G.O022 
444.4 154.9 G.GC2Y -0.0025 
376.1 212.1 O.bO38 -0.0035 
353.5 298.4 3.9053 -&C050 
489.8 306.7 0.0055 -0.0051 

557.5 90.0 0.0918 -0.0013 

511.9 -217.9 -0.0043 0.0055 

165.3 -450.8 -5.0152 0.0162 

47.6 24.9 5.0013 -U.C010 
133.0 268.7 0.0091 -0.C089 

6.2 433.6 9.0126 -0.0126 
-33.0 337.7 U.0359 -0.C359 
-28.6 187.5 0.0032 -0.0033 
137.4 34.0 LOG06 -0eC005 
251.1 -139.8 -3.0523 O.CO25 
205.6 -195.6 -0.0033 0.0335 
152.4 -67.5 -0.0011 0.C312 

55.7 0.0510 -0.0009 
51.1 0.3010 -0.00G8 
-5.7 -0.0000 0.0002 

65.9 -87.8 -0.0015 0.0015 

597.5 236.2 0.3543 -0.0338 

490.4 -78.1 -0.5611 0.C016 

468.4 -305.4 -0.3152 6.0203 

13.3 -305.6 -0.U353 %GO53 

163.5 
212.7 
187.0 

73.0 
54. 6 
96.5 

i31.8 
125.9 
48.9 
18.1 
60.5 
43.9 
36.4 
62.8 
25.2 

128.8 
177.1 
122.3 
140.6 
-12.4 - 19.3 
121.6 
-15eO 

7.2 
40.4 

-16.3 
86.1 

-46.6 
-89.2 

-0.1 
-1 55-5  

-24.1 -3.0004 
-10.1 -0.0002 

-9.9 0eO003 
-2.4 0.JJOO 
-4.5 -3.9000 
-4.0 -3.b301 
- 3 e 4  -3.0301 
-3.2 -3. GOO0 
-3  3 -0 -0 000 
-2.9 - 3 -  0000 
-2.8 -3e0G00 
-2.7 -%0000 
-2.6 l e C J 0 U ~  
- 2 . 0  7.3000 
-2.5 0.0500 
-2.4 5.3G00 
-2.4 -0.0001 
-2.4 -3.0001 
-2.5 3.0000 
-2.5 -0.0001 
-2.6 -0.0500 
-2.7 -0.000c) 
-2.8 -0.0001 
-2 o 3 -0eOO30 
-3.0 -3.0001 
-3.2 -0 . l jOC1 
-3.4 -0.0301 
-3,5 -3,0301 

150 

Oe0004 
0.0002 
0. G O O  1 
0.0001 
0.0031 
0.0001 
0.0551 
0.000 1 
OeGOO1 
0.0001 
0.0001 
0.0001 
0. coo1  
0.0001 
0.0301 
0. 0001 
0.9ouo 
0.0000 
0 e o 0 0  1 
c.0030 
0. 0000 
0e0001 
0. ooc3 
G.COC.1 
0.001)3 
0.0003 
3.03c 1 

-s.o3oc 

313.5171 LRS 

LAY EK 
1 



I 

1 
2 
3 
+ 
5 
6 
7 
8 
9 

l o  
1 1  
12 
1 3  
1 4  
1 5  
16 
i 7  
18 
10 
2 3  
21 
22 
23 
2 4  
2 5  
L 6  
27 
2H 
2 9  
3 ;  
3 1  
3 2  
33 
34  
35 
3 6  
37 
38 
3 9  
4G 
4 1  
42  
4 3  
4 4  
4 5  
46 
4 7  
4 6  
4 9  
5 0  
51 
5 2  
53  
5 4  
5 5  
5 6  
57  
5 8  
5Y 
60 
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
7 c  
7 1  
7 2  

J= 180 T I M E =  Oe0005418 
TOTAL ENERGY INPUT ( IN.-LB,)  = 897,503 

K I N E T I C  ENEgGY (IN.-La.) = 62d.192 
E L A S T I C  ENERGY ( IFIe-LRe 1 = 1 3 4 e b 8 0  
P L d S T I C  WJRK ( IN. -LB. )  = 134.637 

THE NOMINAL FORCE AMPLITUDE DURING T H I S  CYCLE IS 

T H E  FORCE O I S T R I H U T I J i 4  DURING T H I S  CYCLE 
IS THE SAME AS L A S T  P R I N T E D  

V 

0.4078 
1.1661 
1.91 53 
2.0495 
3.362 6 
4.0450 

5.3236 
5.9002 

6.9106 
7.3363 
7.7024 
8.0059 
8.2501 
8.4372 
8.5564 
8.5909 
8. 540C 
8.4195 

8 . 0 2 t l  
7.7530 
7.4557 
7.1364 
6.7938 
6.4176 

5.5C51 
4.946 7 
4.271 5 
3.5294 
2.7697 
2.0075 
1.2454 
0.4839 - J. 2 17  8 

-1.0392 
-1.7969 
-2.5426 - 3.263 R 
-3 e 952 8 
-4.61 18 
-5.2411 
-5. 8326 
-6.3775 
-6.8717 
-7.3132 
-7.6986 
-8.0252 - 8.2 R97 
-8 e 4 9 0 5  
-8.6260 
-8.6952 
-0,6976 - 8.6332 
-8.5026 
-8.3066 

-7.7255 
- 7.344 6 - 6.9077 
-6.4177 
-5 ,0786 
-5,2943 
-4.6654 
-4.G087 

4.7052 

6.4305 

a.2442 

5.9921 

-8.0469 

-3.3173 
-2 ,6005 
-1.8639 
-1.1131 
-0.3540 

W 

-&6E54  
-8.6137 
-Ea4756 
-6.2721 
-8.0048 
-7.6755 
-7.2810 
-6.8420 
-6.3441 
-5.7 97 1 
-5.2055 
-4.5736 
-3.9054 
-3,2064 
-2.4845 
-1.7459 - 0.9933 
-0.2321 

C.5283 
1.2806 
2.0221 
2.7504 
3.4640 
4. i 6 5 6  
4.8575 
5.5381 
6.20C9 
6.8330 
7.4195 
7.9437 
8.2949 
8.4678 
8.5291 

8.5 135 
6.5356 
8,5504 
E.5282 
8.4488 
8,2929 
8.0473 
7.7222 
7.3431 
6.9107 
6.4336 
5.8982 

4.6974 
4.0403 
3.3520 

1.9328 
1,1532 
0,3947 

8.5239 

5.3183 

2.6376 

-0.36 7 1  
-1. 1 2 6 1  
-1.8765 
-2.4126 
-3.3287 
-4,9193 
-4.6791 
-5.3029 
-5.6861 
-6.4241 
-6,9128 
-7,3484 
-7.7276 
-8.0473 
-8,3052 
-8.4993 
-8,6279 
-8 ,6901 

N Y STKAIIJ S T R A I N  
l I Y 1  ( O U T )  

-272.2 -4.3 -9.3302 -0.L001 
-202.8 -4.7 -3.0002 - 0 e L 9 0 0  

-45.1, -5.0 -3,0001 U.0001 
-149.4 -5.4 -0.0002 0.000C 
-190,L -5.6 -13.5302 (J.OOGC 

-22.2 -6.3 -5.3001 0.0001 
8.0 -7.1 -3.0301 0.0001 

-6.3 -7.9 -3.0301 0.OJ01 
8.9 -7.1 -0.0001 0.0001 

-15.3 -5.1 -3eG301 0.0001 
54.9 -19.1 -0.9002 o.oC)02 

161.0 -25.3 -9. 5 0 0 4  0.C005 
327.3 -24.1 -0.OGD3 0.0006 
493.3 21.5 0 0 0 0 0 6  -C.Oi)GZ 
565.1 53.6 0.GJ12 -0eC007 
418.6 -22.4 -3.0002 0.G006 
3 t4 .5  -142.0 -0- OOL 3 CeC026 
477.6 -142.8 -0.0923 0.0527 
404.6 -27.9 -0.0003 0.0007 
398.6 80.2 0.0016 -0.6012 
313.0 121.2 3.0022 -0.0020 
235.2 159.9 3.0029 -0.3027 
272.3 258.3 O.CO46 -0.6043 
340.2 322.0 3.5357 -0.0054 
369.8 308.8 0.0055 -0.0052 
377.2 216.3 3.0539 -0.0036 
324.4 63.6 0.0012 -0.001C 
223.5 -76.7 -0.0012 OeGO14 
228.7 -165.3 -3.0035 0 .0~>44 
219.8 -322.2 -0.0156 0.0204 
-12.1 -464.3 - 3 . J l 6 0  0.0173 

-100.0 -34b.8 -0.G062 Ue0060 
65.4 -45.6 3.0001 Oe0002 

171.6 449.0 0.0139 -0.0137 
184.4 358.7 0.0375 -0.0072 

13.2 224.2 0.6039 -0.0339 
-180.7 68.9 0.0011 -C.@013 
-187.6 -83.1 - 0 e C O J . 5  0.0013 

-76.2 -252.1 -0.0935 0.0034 
-73.3 -146.8 -0.0026 OeC025 

a9.5 i w . 3  0.0577 - 0 . ~ 0 7 6  

-97.7 
-157.9 
-172.9 

-60.7 
30.1 
25.9 
-6.5 - 57.4 

-135.7 
-259-  7 
-313.6 
-293.7 
-297.0 
-2c15.4 
-2  57.7 
-368.0 
-409.5 
- 362.9 
-443 e 3 
-355.8 
-355.0 
-509 -0  
-5278 6 
-517.6 
-364.4 
-196.6 
- 2 7 4 0 6  
-350.0 
-316.2 
-335,9 
-290.6 

16.5 0.0302 -0.0303 
79.7 3e0013 -0.0014 
24.3 0.0003 -Ue0005 

-26.7 -0.0005 (IeCO04 
-22.6 -0.0004 0.00C4 

-3.6 -0.0001 O e O O O 1  
0.0 -3.03b3 -0.CJ00D 

-3.9 -0.C001 Oe0030 
-5.0 -3.0002 G * C O O C  
-4.3 -0.0001 -C.GOtl - 3.4 -0. 0 0 0 2  -0.000 1 
-3.3 -0.6302 -0.0901 
- 3.2 -00 0 3 0 2  -0.0301 
-3.1 -Ga0c7C2 -0.C001 
-2.9 - J e 0 0 0 2  -0.0001 
-2.8 -0.0002 -3.0001 
-2.7 -3.0302 -0.0001 
-2.7 -3.113U2 -0.GS01 
-2.7 -0.3902 -2.0302 
-2.7 -0.0002 -0.CJO1 
-2.6 - 3 .  0002 -0. C 001 
-2.6 -3.0003 -6.0002 
-2.7 -3.0003 -0.0002 
-2.8 -0eO003 -0eC302 
- 3 e 3  - 3 * 0 3 0 2  -Ge5001 
-3.1 -3.0001 -0.0000 
-3.2 -0,0502 -0.0001 
-3.3 -0.03ir2 -0.3001 
-3.5 -0eOSu2 - C . O 0 0 1  
-3.8 -0.0002 -0.0901 
-4.0 -3.3002 -0.0001 
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283.9172 LBS 

LAYEP 
1 



I 

1 
2 
3 
4 
3 
6 
7 
A 
5 
10 
i l  
12 
1 3  
1 4  
15 
1 6  
1 7  
1 8  
i 9  
20 
21  
22 
23 
2 4  
25  
26  
27 
2 8  
2 9  
30 
31 
3 2  
33 
3 4  
35 
3 6  
37 
38  
39 
40 
4 1  
42  
43 
44 
4 5  
4 6  
47 
48 
49 
5 0  
51 
52 
53 
54  
5 5  
56 
57  
5 8  
5 9  
60  
0 1  
6 2  
63  
6 4  
6 5  
66 
67  
6 d  
6 9  
7 c  
7 1  
7 2  

J= 190  T I M E =  0.0005719 
TOTAL ENERGY I Y P U T  ( I N o - L R e l  = 918.603 

K I N E T I C  ENERGY ( I N e - L B e  I = 632.179 
E L A S T I C  ENERGY ( INe-LB. I = 142.139 
P L A S T I C  WORK ( I N . - L B . 1  = 144.285 

r t i E  NOMINAL FORCE AMPLITUUE DURING T i i 1 s  CYCLE I S  

THE FORCE O I S T K I B U T I O N  DURING T H I S  CYCLE 
IS THE SAME A S  LAST P R I N T E O  

V 

0.410 7 
1.1691 
1.9181 
2.6521 
3.3652 
4.051 8 
4.7067 
5.3244 
5.9002 
6.4257 
6e9G90 
7.332 7 
7.6555 
7.9978 
8.2448 
8.4326 
8,5441 
d. 5479  
8.5117 
8.3907 
8.2 1 4 7  
7.9883 
7.7233 
7.432 5 

6.7864 

5.9903 
5.5080 
4.9556 
4.282 5 

7.1214 

6.4142 

3.5410 
2.7811 
2.01 73 
1 2 5 7 9  
0.4961 

-0.2657 
- 1.0270 
-1.7849 
-2.5322 
-3.2571 
-3.9483 
-4.6050 
-5.2316 

-6.37C7 
-6.8659 - 7.3073 
-7.6930 
-8.0200 
-8.2850 

-8.6221 
-8.6916 
-8.6944 
- 8.6302 
-8.4998 

-8.0445 

-5.8237 

-a.4862 

-a. 3040  

-7.7231 
-7. 3425  
-6.9055 - 6.41 5 4  
-5.8762 
-5.2918 
-4.6669 
-4.0061 
-3.3146 
-2.5978 
-1.8611 
-1 e 1102  
-0.351 0 

W 

- 8.6810 
-8.6087 - 8.4700 
-8.2658 
-7.9976 - 7.6676 
-7.2781 
-6.8322 
-6.3333 
-5.7856 
-5.1933 
-4.5 6 02 
-3.8903 
-3.1909 
-2.4702 
-1.7318 

-0.2166 

1.2955 

2.7645 

-0.9781 

0.5433 

2.0369 

3.4789 

4.8790 
5.5635 

6.8620 
7.4524 
7.980G 

8.5138 
8.5725 
E. 5498  
E.5196 

8.5287 

4.1 e33 

6.2286 

e.3385 

a. 5 2 0 4  

8.5C52 
8.4286 
8.2805 

7.7259 
a. 5464 

7 2 3 3 9 9  
6.9067 
6.4275 
5,8975 
5.3 186 
4.6978 
2.0410 
3.3531 
2.6390 

1.1548 
0.3963 

-0.3655 
-1.1244 
-1.8748 
-2,6109 
-3.3270 
-4.0176 
-4* 6773 
-5.3012 
-5 8843 
-6.4223 
-6.9109 - 1.3 464  
-7.7253 
-8.0449 
-8.3025 
- 8- 4962 

-8. ha62 

1.9044 

-a, 6 245 

N IJ S T H A I Y  STR41M 
( I N 1  ( O U T )  

-238.2 -40 8 -0.0002 - 0 e O O J 3  
-91.4 - 5 - 2  -0.0001 5eGOGS 

- 1 2 5 - 5  -5 .6 -3.0002 O e O O O 5  

-6.8 -6.4 -0.0001 0.0i)Ol 

112.3 -8.4 -0.0901 Oe0002 
21.8 -8.5 -0.0001 0.0301 

-72.3 -5.5 - O * O O O l  0.OOC1 
53.9 -5.5 -0e0001  0.0001 
95.8 -19.7 -0.0003 0.0004 

-67.9 -35.1 -0.0006 0.0006 
-52.2 -6.5 -0.0001 0.00’11 

80 .8  54.4 0.0010 -0.0009 
108.2 36.4 0.0007 -0.0006 
173.3 -87.0 -G.0214 0.0016 

90.6 -163.7 -0.0028 0.0029 
155.7 -103.7 -0.0317 0.0019 
241.7 1O.b 0.0303 -0eOCJ01 
216.8 76.5 0.0014 -0.0013 
286.2 108.9 0.0020 -0.0Gl8 
379.8 194.3 0.0935 -0.0032 
403.8 295.4 3.0353 -U.C049 
454.6 333.9 3.3360 -0.CO56 
518.4 304.2 0.0055 -0.G050 
568.2 185.8 0.0534 -0.003G 
607.6 45.3 0.0310 -0.C305 
519.9 -46.1 -0.0006 0.C010 
395.1 -144.7 -0.0035 0.C042 
329.1 -353.2 -0.0161 Oe021C 

70.9 -461.0 -0.0161 G.0178 
-60.3 -350.4 -0.0068 0.0067 
-92.2 -158.3 -G.0019 0.002C 
-70.7 196.2 0.0078 -C.0077 

-218.8 3Y0.9 0.0127 -0.0128 
-202.3 391.8 0.0095 -0.0098 

-292.3 100.9 0.0016 -0.C019 
-326.6 -45.0 -0.00C9 0.0006 
-280.7 -170.1 -0.C031 0.0028 
-182.5 -199.6 -0.0335 0.0034 

-116.1 -6.0 -3.0002 0.0030 

27.9 -7.1 -3.0001 0.0001 

-2 17.8 263.7 0.0344 -0.0046 

-139.0 
-197,9 
-314.2 
-445.5 
-48 3.8 
-447.1 
-394.9 
-387.5 
-487.3 
-549.3 
-475.6 
- 3 6 4 . 3  
-264* 6 
-320,7 
-471.7 
- 5  35.9 
-581.5 
-5C9.1 
-439.7 
-468e.6 
-488.5 
-467 -3  
-465.1 
-478 .  L 
-430.3 
- 4 1 0 -  3 
-365.7 
-314.4 - 3408 7 
-302,8 - 294.3 

-58.4 -0.0011 0.00oq 
80.4 3.0013 -0.0015 
67.9 0.0010 -3.0013 

-11.2 -0.0004 -0.0000 
-36.4 -0.0C08 0.0004 
-13.6 -0.0004 0.0000 

1.8 -3.0001 -0.0002 - 1.1 -0.5002 -0.0002 
-5.4 -0.0353 -11.0001 
-5.1 -0.0003 -0.0002 
-3.9 -0.0003 -GeOOC1 
-3 e 6 -0.0002 -0 e000 1 
-3.6 -0.5002 -0103Gl 
-3.4 -0.c002 -0.ooc1 
-3.2 -0.30G3 -0.03C2 
-3.1 -cJ.0co5 -ce0032 
-3.0 -3.07c.3 -3.00c2 
-3.3 -0.6303 -0.3352 
-3.0 - 0 . J I O Z  -0.0301 
-2.9 -G*l)Jb3 -0.oooi 
- 3 . 5  -0.0003 -0.0032 
-3-0 -0.0003 -0.C002 
-3.0 -0eOOC3 -0.0002 
-3.1 -0.0003 -0.0002 
-3.2 -0.0002 -0.0001 
-3.4 -0.0002 -0eGOO1 
-3.6 -0.OO~J)L -0e0001 
-3.7 -0,0002 -0.0001 
-3.9 -0.0032 -0.0001 
-4,2 -0.0502 -010001 
-4.5 -0.0002 -0.0001 
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249.6497 LRS 

LAYEP 
1 

* 

c 

Yk 



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
1 4  
i 4  
16 
i 7  
1 8  
19 
20  
21 
22 
23 
2 4  
2 5  
26 
2 1  
23 
i 9  
3c 
3 1  
3 2  
33 
34 
35 
36  
37 
38 
39 
4c  
4 i  
4 2  
4 3  
44  
4 5  
46 
47 
4 8  
49  
50 
51 
5 2  
53 
54 
55 
56 
57 
58 
59  
6 0  
6 1  
62 
6 3  
6 4  
6 5  
66 
67  
68  
69 
7 0  
7 1  
7 2  

J- 200 T I M E =  0.GC06020 
TOTAL ENERGY INPUT ( I N . - L B , I  = 926.753 

K I N E T I C  tNERGY ( I N , - L R . I  = 624.975 

P L A S T I C  NOKK ( I N . - L B . )  = 154.2&1 
E L A S T I C  EYERGY ( I N e - L B e  I = 147,444 

NO FORCING FUNCTION I S  ACTING DURtNG THIS CYCLE 

v 

0.4145 
l e  1727 
1.9216 
2.6553 
3.3680 
4.0542 
4.7084 
5.3253 
5.90C4 
6.4294 
6.5075 
7.3282 
7,6880 
7.9916 

8.4267 
8.2420 

8.5280 
8.5432 
8.4839 
8.3622 
8.1832 
7.9555 
7.6945 
7.4105 
7.108 3 
6.7792 
6r4C92 
5.9885 
5.5128 
4.9636 
4.292 7 
3.552 7 
2.7924 
2.031 0 
1.2702 
0.5088 

-0.2530 
-1.0143 
-1.772 5 
-2.5210 

- 3.9440 
-4.6002 
-5.2229 
-5. 8139 
-6.3633 
-6.8606 
-7.3022 
-7.6879 - 8.0153 
-8.2813 

-8.6189 

-8. 691 9 
-8.6280 
-8.4978 
-8.3022 
-8.0427 
-7.721 5 
-7.34C8 
-6.9037 
-6.4135 
-5.6741 
-5.2895 
-4.6644 
-4.0034 
-3.3117 
-2.5946 
-1,6577 
- 1.1066 
-0.3473 

-3.2490 

-a.4827 

-8.6888 

W 

-8.6768 
-8,6039 
-8.4644 
-8.2593 
-7.9903 - 7.6595 
-7.2691 
-6.8222 
-6.3224 
-5.7741 
-5.1810 
-4.5458 
-3.6743 
-3.1756 
-2.4561 
-1.7170 
-0.9620 
-0e2003 

c. 5594 
l e 3 1 1 4  
2.0520 
2.7791 
3.4950 
4.2020 
4.9015 
5.5 886 
6.2549 
6.8901 
7.4858 
8.0164 
8.3789 
8.5602 
8.6135 
8.5797 
8.5340 
8.5087 
8e5C81 
8.4821 
8.4684 
8.2663 
8.0422 
7.7303 
7.3435 
6.9049 
6.4243 

5,3197 
4.6991 
4.0423 
3.3545 
2.6406 

1.1566 

5.8967 

i.3060 

0.3982 
-00 3636 
-1.1226 
-1.8 7 3  1 
-2.6C93 
-3,3255 
-4.0162 
-4.6761 
-5.3001 
-5.8833 
-6 e 4 2 1 3  
-6,9096 
-7.5452 
-7.7239 - 8.0432 
-8.3005 
-8.4938 
-8.6215 
-8.6827 

134.3 3.0016 -0.0020 
2 8 r 3  3.3303 -0.OC07 

-40.5 -3.0309 0.0005 
-32.0 -0.0008 0.0003 

-2.0 -0.9002 -0.0002 
3.5 -0.0001 -0.0003 

- 4 r 0  -0.0002 -0.0001 
-6.5 -0.0303 -0.0000 
-4.8 -0.0002 -G.0001 
-3 ,8  -5.0002 -0.0001 
-3.7 -0.0003 -Le0001 
-3.7 -0.0303 -Ce0001 
- 3. 6 -0e0302 -0. 0301 
-3.5 -0.0002 -0.0001 
-3.4 -0.3002 -3eOOGl 
-3.3 -0.0932 -0.0001 
-3.3 -5.0002 -0.OOOC 
- 3 r 4  -3.0001 O a G O O 3  
-3.4 -0,0001 6.0000 
-3.4 -3.9001 0.0001 
-3.5 -0.0001 0.000C 
-3.5 -0.0001 Cr.000cI 
-3.6 -0,COOl -0.GOOO 
-3.8 -0ec301 -0.cooc 
-4,o -3.0301 0.003c 
-4.2 -0e0001 OeO505 
-4r5  -0.9001 OeGOO1 
-Gs7 -0.(11)01 G a O G O l  
- 5 c O  -0.3301 OmC301 

N M S T R A I N  S T R A l l L  LAYER 
( I N 1  ( O U T )  1 

-93.2 -5.3 -0.0301 0.0000 
-223.d -5.7 -0.0002 -0.0000 
-178.4 -6.1 -5.0302 Ue0500 

-97.1 -6.4 -0.0302 0.0001 
-213.7 -6.9 -0.0002 U.C.000 
-222.6 -8.2 - 0 ~ 0 0 0 2  ~ . O O o O  
-170.5 -9.5 -*J.OOO% 0.0001 
-155.0 -7.4 -3.0002 0aG001 

31.5 -10.9 -0.3032 0.0002 
5.1 -35.2 -3.3006 5.0006 

13.4 -333.3 -0.0106 0.0006 
-169.4 29.4 0.00Ci4 -G.0006 

-89.8 70.3 OeOJ12 -0.C013 
-93.3 -15.2 -0aOrJ03 0.GOOZ 

-156.6 -140.2 -0.0525 0.3023 
-15.6 -151.7 -0,0326 0.0026 

57.2 -60.5 -0.0010 CeG011 
63.9 26.6 3.0505 -0.C304 

114.4 121.8 3.0021 -0.0021 
208.6 237.8 0.0042 -0.0040 
291.7 317.2 0.0056 -0.0354 
182.7 340.5 0eGO63 -0.0060 F 
197.5 280.6 0.0049 -0.004P 
247.4 155.8 3.0028 -0.0026 

25.6 5 3 . 1  0.0009 -0.C009 
-61.6 -9.3 -0.0902 OeGOO1 
-28.0 -175.4 -0.0038 0.0045 
-98.5 -352.3 -0.0162 0.0208 

-191.1 -447.9 -0.0160 0.0175 
-220.3 -372.0 -0.0084 0.0081 *i 

-133.4 -201.3 -0.0027 0.0028 

8.5 311.4 0.0114 -0.0114 

-192.0 312.1 0.0053 -0.0055 
-204.9 141.7 0.3023 -0.CO25 
-25'2.7 -20.2 -0.0005 0.0002 
-27 i .  4 -137.0 -3.0025 0.0022 
-300.5 -237.6 -0.0037 0.0034 
-421.1 -137.3 - 3 . 0 3 L 6  0.0022 
-447.1 37.5 5.5304 -0.OG08 
-398.7 

11.5 -3 . i  -0.0001 0.0001 

92.6 60.9 0.0711 -3.ooir 

8.3 161.8 0.C072 -0.0071 

-120,8 423.7 3.0119 -0.C12'3 I: 

-426.3 
-500.4 
-485.6 
-444.8 
-45G.7 
-359.5 
-301.3 
-323.1 - 377.7 
-464*8 
-424.1 
-347.8 
-323.4 
-343.6 
-367e4 
-202.5 

-92.6 
-29.3 

20.7 
-35.7 
-94.7 

-1 77.9 
-1730 1 
-127.3 
- 69.0 

52e5  
52.7 - 28.7 
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I 

1 
2 
3 
4 
5 
b 
7 
8 
9 

1 D  
11 
12  
13  
1 4  
15 
1 6  
17  
18  
1 9  
20 
21 
22 
2 3  
2 4  
2 5  
26 
2 7  

29 
30 
3 1  
32 
3 3  
34  
3 5  
36  
3 7  
3 6  
39 
40 
41  
42  
43  
44  
4 5  
LI6 
47  
4 8  
49  
50 
51 
52 
53  
54  
55 
56  
57  
58 
5 9  
60  
6 1  
6 2  
6 3  
6 4  
65  
66 
6 7  
6 6  
69 
7 c  
71  
72 

2a 

J =  210 TIWE= 0,3006321 
T J T B L  ENERGY I N P U T  ( IN. -LB.1  = 926.700 

K I N E T I C  ENERGY I INca-LH. )  b09.691 
E L A S T I C  ENERGY l I N e - L B , l  = 151.594 
P L A S T I C  UORK I I N ~ - L R . l  = 165.415 

N O  FORCING FUNCTION I S  ACTING W R I N G  T H I S  CYCLE 

V 

0.4183 
1.1162 
1.9251 
2.65E6 
3.3711 
4.0568 
4. 71 C4 
5.3266 
5.901 1 
6 .  42S5 
6.905 5 
7.3225 
1.6814 
7.9887 
8.2402 
8.41 79 
8e5C92 
8.5184 
R.4573 

8.1501 
7.9233 
7.6672 
7.3906 
7.0568 
6.7717 
6.4038 
5.0891 

4.9713 
4.3019 
3.5638 
2.8031 
2.G419 
1.2825 
3.5222 

-0.2396 
-1.0007 
-1.7592 
-2.5088 
-3.2354 
-3.9381 
-4.5971 
-5.2167 
-5.8042 
-6.3548 
-6.8554 
-7.2984 
-7.6838 
-8.0113 
-8  o 2 776 

-8.6165 
-8.6667 
- 8.6900 
-8.6263 - 8.4962 
-8.3006 

8.332 0 

5.5186 

-8.4799 

-8.041 1 
- 7 . 7 1 9 ~  
-7.3391 
- 6. 901 9 
-6.4115 
-5.8719 
-5,2872 
-4.66 18  
-4. GGO 7 
-3.30 8 8 
-2,5915 
-1.8545 
-101033 
-0.3438 

W 

-8-6729 
-8.5992 
-8,4590 
-8.2531 
-7.9833 
-7.6514 
-7.2hOO 
-6.8120 
-6.3117 
-5.7629 
-5e lh81  
-4.5305 
-3,8585 
-3.1614 
-2.4423 
-1.7014 
-0.9451 
-0.1833 

0.5162 
1.3276 
2.0671 
2r7943 
3.5116 
4.2214 
4.9242 
5.6 131 
6.2802 
t. 91 92 
7.5188 
8.0513 
8.4 164 
8.6049 
8.6536 
8.6145 
8.5498 
0.5027 
8.4892 
8.4591 
8.3876 

8.03 55 
7.7332 
7e350G 
6.9066 
6.4216 
5.4951. 
5.3208 
4.7010 
4. C438 

a.2516 

3.3560 
2.6422 
1.9077 
1.1532 
c.3997 

-0.3622 
-1.1214 
-1.6721 
-2.6085 
-3.3248 
-4.5156 
-4.6755 
-5.2 495 
-5.8827 
-6s42Db 
-6.9070 
-7.3441 
-7.1227 
-8.041 7 
-8.2986 
- 8 s  491 5 
-Ee6188 
-8.6794 

N M S T K A I N  S T R A I N  
( I N 1  ( O U T )  

80.6 -5.8 -0eO301 0.0001 
31.1 -6.3 -3.3201 0eO051 
52.0 -6.6 -0.0301 O e O O O 1  

-30,3 -6.9 -0.0351 0,0001 
-5.6 -7.9 -0.0501 o.co01 

-114.8 -9.9 -2eG002 0.0001 
-152.0 -9.7 -0.OOD2 0.OJO1 

-17.2 -3.8 -0.0001 0.C001 
-157.5 -2.7 -3.0001 -0.0000 
-103.3 -25e4  -0.OGO5 0.0004 

-46.3 -48.5 -0.0309 3.0008 
-33.5 -9.  6 -0.OJ02 G.OOC1 

2802 69.2 0.0012 -0.0312 
- 8 3 . 2  49.9 0.G308 -0,0009 
-82.8 -79.9 -0.0314 0.0013 
-14.5 -162.5 -0.0028 0.002R 
-65.9 -125.3 -0.0021 0.0020 

6.7 -28.8 -0.0005 0.0005 
-3.2 19.0 0.3003 -6.0003 

-317.1 53.3 5.3508 4.0011 
-384.5 157.5 0.0025 -0.0029 
-338-9 269.6 0.0045 -GeG04B 
-468.1 331.5 0.0055 -0.0061 
-436.1 337.0 0.5061 -Ge0065 
-378.3 243.8 0.0040 -0.0044 
-408.4 140.9 3.0022 -0.0026 

-433.0 -13.4 -0.0004 0.0000 
-429.8 -205-3 -0.0045 0.0048 
-416.8 -348.7 -3.0163 0.0206 
-435.9 -414.9 -0.3155 C.0168 
-363e3  -400.1 -0.0105 0.0100 
-333.0 -159.7 -0.OJ20 0s002G 
-346.7 34.2 3.0048 -C.0051 
-190.4 290.2 3.0110 -0.0111 
-193.9 440.3 3.G1.30 -0.0132 
-122.7 347.1 0.3065 -0.0566 
-118.4 ld9.5 3.0932 -0.0033 
-129.5 10.2 d.0301 -0.0002 
-132.7 -120.3 -0.0021 OeC32C 
-173.1 -191.9 -0.5534 0.G332 
-167.4 -184.7 -0.6033 0.0031 

-38.2 -5.3007 0.OOOb 

-419.1 a9.5 0.3014 -0.0017 

-7 2.2 
30.9 
56.6 

-26.8 
-83.9 - 29* 1 
-33.5 
-69.5 
-19.1 
-24.2 
-36.5 
- b o o 9  
-11.5 
130.4 
156.6 
184.0 
146.6 

67, 3 
77. d 

132.5 
192.6 
221.6 

82.1 
-83.9 
- 6 2 * 3  

54.4 
16208 
126-6  
148.3 
210,6 

105.8 3.0318 
82.4 0.0014 

-20.7 -0.0004 
-52.1 -0.0009 
-1 7.0 -3.0033 

6.6 0.0001 
1.3 -0.0000 

-1.1 -5.0001 
-6.7 -0.0301 
-4.3 -0.0001 
-3.9 -0.0001 
-4.1 -0.0001 
-4.1 -0.0000 
-3.9 -3.0000 
-3.8 0.0000 
-3.7 -0.0000 
-3.6 -0eC3Oil 
-3.6 -0.0000 
-3.7 -d .OGOU 
-3.7 0.0500 
-3.8 5.0350 
-3.8 -0.3030 
-7.9 -3.3091 
-4 e 1 -0 a 3 301 
- 4 a L t  -3e33J; 
-4.6 -7.0030 
-4.9 -O.@OG> 
-5.2 -3.0900 
-5.5, -0,0500 
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-0.0018 
-3.00 1 4  

0.0033 
0.0009 
0.0003 

-0.000 1 
-0. coo1 

0.0001 
0.0001 
0.c001 
0.0000 
0.0001 
0.000 1 
0.0001 
0.0001 
0.0001 
0.0001 
0. 0501 
0.0001 
0.0001 
0.0002 
>.GOO1 
03.0000 
0.0003 
0.0001 
0. 000 1 
u.0001 
0.0001 
3.0002 

LAVEK 
1 

9: 

x 

* 

a< 
1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
5 

i o  
il 
12 
i 3  
14  
15 
16 
17 
i 8  
i 9  
20 
21 
22 
2 3  
2 4  
2 5  
26 
27 
28 
29 
3 5  
31 
32 
33 
3 4  
3 5  
36 
37 
38 
39 
43  
41  
4 2  
43  
4 4  
4 5  
46 
47 
4 8  
49 
50 
5 1  
52 
53 
54 
55 
56 
57  
58  
5 3  
60 
6 1  
62 
6 3  
6 4  
6 5  
6 6  
67  
6 8  
69  
7G 
71 
7 2  

J= 2 2 0  T I M E =  0.0006622 
TOTAL ENERGY I N P U T  ( I N . - L H . I  = ‘326.700 

K I N E T I C  EYERGY ( I N I - L B . )  = 594.756 
E L A S T I C  ENERGY I I N . - L B e  I = 15Y.474 
P L A S T I C  WORK ( I ’ J e - L 8 e )  = 172.468 

NC F O R C I N G  F U N C T I G N  IS ACTING OURlNG T H I S  CYCLE 

v 

0. 4212 
1 e 1794  
1.9281 
2.6615 
3.3738 
4.05 92 
4.7122 
5.32 79 
5.9023 
6.4297 
6.9024 
7.3163 
7.6770 
7. S883 
8.2374 
8.4062 
8.4894 
8.4950 
8.4315 
8.3023 
8.1172 
7. 8927 
7.641 7 
7.3733 
7.0859 
6.7634 
6.3999 
5.9919 
5.5242 
4.9789 
4.31C8 
3.5735 
2.8127 
2.0517 
1.2939 
0.5348 - 0.2264 

-0.9874 - 1. 7460 
-2.4966 
-3.2294 
-3.9323 
-4,5946 
-5.2133 - 5.7960 
-6.3451 - 6.8489 
-7.2949 
- 7.68C5 
-8.G074 
-8.2741 
- 8.4771 

-8.6845 
-8.6879 
-8.6244 
-8.4943 
- 8.2988 
- d *  0394  
-7,7180 
-7.3372 
-6.8999 - 6.4C95 
-5,8698 
-5,2848 
-4.6592 
-3 0 9979 
-3 ,305  8 
-285884 
-1, 8513 
-1.1000 
-0e34C6 

-8,6141 

rl 

-8.6689 - 8.5946 
-8.4536 
-8.247 1 
-7.9764 

-7.2510 
-6.8022 

-5.7518 
-5 e 1542 
-4.5146 
-3.8437 
-3.1485 
-2.4286 
-1.6858 

- 0 s  1671 

1.3426 

-7.6436 

-0.3015 

-0.9287 

0.5920 

2.0815 
2. R094 
3.5285 
4.2414 
4 -  9470 
5.6 372 
6.3068 
6. S502 
7.5520 
8.3865 

8.6456 
8.6891 
E. 6492 
8.5683 

a. 4539 

8.5031 
b. ‘t721 
8.4368 
8.3658 
8.2356 
8.0270 
7.733Ll 
7.3563 
6.9116 
6.4207 

,5.8924 
5.3208 
4.7029 
4.3457 
3.3574 
2.6436 
1e9G91 
1.1595 
0*4008 

-0.3612 
-1.1235 
-1.6713 
-2.6677 
-3.3241 
-4.0 149 

-5.2987 
-5.8818 

-4.6748 

-6.4196 
-6.9080 - 7,3435 
-7,7213 
-8.0400 
-8.2966 
-8.4890 
-8.6158 
-8.6759 

hr M S T K 4 1 h  S T R A I N  LAYER 

76.9 -6.3 -0.3301 0.0001 
-15.0 -6.7 -0e0001 3.0991 

34.5 -7.0 -0.0301 0.03C1 
258.6 -7.5 -3.0300 U.0332 
275.1 -9.7 -0.0301 0.0303 
335.4 -11.7 -3,0001 0.0003 
317.8 -7.2 0.0903 0.0303 
234.7 1.0 5 ~ 0 0 0 1  O.OOC1 
157.2 -13.9 -0.30Gl 0.0002 

-27.0 -44.3 -0.0368 0.0007 
-65.5 36.7 0.0006 -0.0007 

-312.7 85.3 0.0013 -GeC;316 
-381.3 -2.8 -0.0002 -0.0001 
-274.5 -129.4 -0.0024 5.0021 
-482.3 -154.8 -0.0329 0.0025 
-530.4 -85.6 -0.0017 0.0012 
-486.8 -21.0 -0.0036 0.0301 
-487.5 1.6 -0,0302 -0.0002 
-412.1 71.6 000310 -0.0014 
-481.0 193.5 0.0031 -0.0336 
-501.6 272.6 0.0948 -0.0053 
-433.0 343.6 3.0960 -0.0066 
-289.9 321.4 0.0359 -0.0062 
-128.5 213.2 0.3336 -0.0037 
-167.5 156.1 0,0326 -0.C328 
-280.4 113.6 0.0018 -0.0321 
-248.3 -47.8 -0.0009 0.0607 
-307.3 -211.1 -0.(1045 0.C550 
-463.8 -353.2 -0.U164 0.0206 
-435.3 -410.3 -0eJ154  0.0167 
-445,4 -408.6 -0.0113 5.3137 
-439.5 -185.4 -S.CS24 u.0323 
-420e2 -45.1 0.0334 -0.0037 
-395.6 268.4 0.3105 -0.OlOR 
-127.3 437.6 Oe3131 -0.0133 

( I N )  ( O U T )  1 

20.9 -47.2 -o.coca 0.0008 

-7.6 36Y.8 0.0081 -0.0081 F 

-48.1 233.2 0.0340 -0.0041 
-24.3 51.3 3.0309 -0.0009 
-75.0 -106.1 -5.C319 0.C01R 
-58.9 -182.4 -3.0032 0.6331 

26.6 -i94.7 -3.0034 0.0334 
130.4 -109.1 -0.OJ16 O.tO19 
229.3 

328.3 
365.5 
387. 8 
502.1 
437.8 
439.8 
477.4 
423.4 

288.4 

498.2 
565.3 
485.8 
373.3 
236.2 
194.0 
187.3 
126.1 

32.2 
117.9 
252.9 
391.9 
341.3 
236.2 
203.7 

59.3 
-22,o 

51,9 
59.9 

59.8 0.3011 -0.0009 
123.3 0.0322 -0.0020 
28.9 0,0106 -0.0004 

-57.3 -0.0508 0.0011 
-43.2 -0eO306 0.0009 

0.6 3.0302 0.0002 
8,7 0.0303 C.C300 

-4.1 0.0301 0.0002 
-9.3 U.0300 0.0004 
-6.0 0.C30i GeC003 
-4.1 U a U J U l  0.0003 
-4.3 0.3062 5.0003 
-4.5 0.0301 0.0003 
-4.2 0.0001 0.0002 
-4.0 0.00CO 0.0002 
-4.3 0.0000 0.0001 
-3.9 0e0000 0.0001 
-3.Y -0.0300 0.0001 
-3.9 -0.0000 u.0001 
-4.0 -0eC300 ~ ~ 0 0 0 1  
-4.1 Oe0300 Oe0002 
-4.2 0.0001 0.0002 
-4.4 0.0301 0.0002 
-4,5 0.0300 0,0002 
-4.7 3.0000 0.0002 
-4.9 -0.u001 3.0001 
-5.2 -0.3001 0.0001 
-5,5 -0,0301 0,0001 
-5s  9 -0e0301 b.0501 
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J= 230  T I M E =  Oe0006923 
TOTAL ENERGY INPUT ( I N S - L B e )  = 926.7UG 

K I N E T I C  E\EKGY (XN.-LH. 1 = 582.999 
E L A S T I C  ENERGY ( IN.-LH. 1 = 165.050 
PLASTIC WORK (IN.-LB.) = i 7a .650  

NO FORCING FUNCTION I S  ACTING DURING T H I S  CYCLE 

I 

1 
2 
3 
4 
5 
6 
7 
8 
3 

1 G  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17  
18  
19 
20 
21 
22 
23 
2 4  
2 5  
2 6  
27 
28 
24 
30 
3 1  
32  
33 
34 
35  
36  
3 7  
38 
3 9  
43 
4 1  
42 
43  
4 4  
4 5  
4 6  
47 
4 8  
4 9  
56 
51  
52 
53 
54 
55 
56 
57 
58 
59  
6G 
61 
62 
6 3  
6 4  
6 5  
6 6  
67 
6 8  
6’3 
70 
71 
72 

V 

0.4246 

1.9314 
2.6645 
3,3763 
4.0611 
4.7133 

5.9030 

6.8970 
7.3103 
7.6756 
7.9888 
8.2324 
8.3927 
8.4705 
8.473 5 
8.4052 
8.2710 
8.5852 
7.8635 

7.3580 
7.074 1 
6.7551 
6.3987 
5,9955 
5.5301 
4.9866 
4.31 97 
3.5820 

I. 1 8 2 a  

5.3288 

6.42 03 

7.6180 

2.8213 
2.0609 
1.3037 
0.5460 

-0.2142 
-3.9749 
-1.7334 
-2.4848 
-3.2198 - 3.92 57 
-4.5919 
-5.2123 - 5.79c 9 
-6.3353 
-6.8403 - 7.2905 
-7.6776 
-8.0035 

-8.4733 
- 8 e 6 l l C  
-8.6816 
-8.6853 

-8.2657 

-8.6220 
-a.4921 
-8,2967 
-8.0373 

-7.3351 
-6.8978 
- 6.4073 - 5.8674 
-5.2824 
-4.6567 
-3.99 53  
-3.3031 
-2.5855 

-1eC968 
-0.3373 

-7.7160 

- 1,8482 

W 

-8.6046 
-8.5897 
-a. 4480  
-8.2407 
-7.9693 
-7.6355 

-6.7931 
-6.2925 
-5.1409 

-4.5 0 0 4  
-3.531 9 
-3.1374 
-2.4155 
-le 6707  
-0,3128 
-0.1510 

0.6079 
1.3577 

2.8255 
3.5466 
4.2621 
4.9697 
5.6615 
6.3350 

7.5 852 

8.4914 

-7.2420 

-5.1404 

2.3966 

6.Y814 

8.1216 

8.6823 
8.7299 
8.6781 
8.5901 
8.5095 
E. 457 1 
8.4157 
8.3433 
8.2173 
8.0163 
7.7296 
7.3600 
6.9178 
6.4219 
558888 
5.3182 
4.7c35 
4.0472 
3.3585 
2.6446 
1.9103 
1.1609 
0.4023 

-0.3596 
-1.1189 
-1 e8698 
-2.6063 
-3,3228 
-4.0137 
-4.6737 
-5.2976 
-5.8807 
-6.41 8 4  
-6.9066 
-7.3414 
-7 -7 1 9  5 
-8,0379 
-8.2942 - 8.4 863 

-8.6723 
-8.6127 

N M S T P A I N  
( 1 . 4 )  

338.2  -6.9 5 e O O O O  
269.5 -7.1 -0.3003 

19.8 -8.6 -3.3301 
-203.3 -11.9 -9.9003 
-320.9 -11.1 -0.0003 
-216.0 -0.4 -3e0001 
-169.2 1.7 -0.’I)OOl 
-365.0 -31.7 -0eC337 
-435.3 -63.3 -0.0013 
-205.1 -11.8 -0.G003 
-156.3 80.2 0.C313 

-38.9 63.2 0.0011 
45.6 -63.6 -5.051 1 

-16.4 -151.5 -0.0626 
40.1 -130.1 -0.0922 

, 13.4 -63.8 -0.0311 

12.8 -1.0 -0.0000 

146.9 -7.i -0.0001 

-40.9 -36.8 -0.oo07 

-45.9 104.8 0.0018 
-b8e+ 221.4 0.9338 
-35.7 315.0 0.0354 
-95.P. 349.1 0.C066 
-a3.6 2a1.a 0.0353 

-225.6 214.4 0.0936 
-228.1 188.6 0.0331 
-d8.2 94.2 0.0016 

-132.3 -67.6 -0.0012 
-48.9 -21 3.7 -0.0044 
-53.5 -355.2 -0.0162 

-187.1 -436.6 -010158 
-19.4 -371.2 -0.0104 

96.7 -23.0 5.3041 
188.7 212.2 0 e G O Y 8  
240.1 391.7 0.0124 
134.1 398.4 0.0102 
139.5 269.0 0.0J47 
133.R 94.8 0.0017 
132.9 -79.4 -3.6013 

55.0 -181.9 -0.0031 
12.6 -193.9 -0.0033 
9 0 - 8  -147.3 -0.0C25 

37.8 -294.8 -0.3042 

134.d 
270.7 

386.2 

230.3 
234.7 
216.1 

321.4 

3‘13.0 

361.8 

218.5 

291.9 
392.2 
4 1 7 , l  
477.6 
485.6 
439.4 
371.L 
368.8 
281.6 
235.1 
257.1 
227.Q 
272.4 
239.8 
191. 7 
235.5 
183.7 
206.3 
339.4 

-12.1 -0.3932 
121.3 3.0022 

91.9 0.0017 
-3 0 e 0 -0 -0 004 
-69.1 -0.0’310 
- 2 1  e 3  -0eOO03 
13.1 Oe0003 
4.6 0.0002 

-9.3 -0.0501 
-8.9 -0.0000 
-4.7 0.0000 
-4.0 0.0301 
-4.6 3.0501 
-4.7 O.OGO1 
-4.5 0.0301 
- 4 - 3  0.0001 
-4.3 0.0001 
-4.2 Oe0001 
-4.2 J e O O G U  
-4.3 0e3000  
-4.4 3.0coo 
-4.5 3.0000 
-4.7 3.3000 
- + e 8  O.O!IOJ 
-5.1 -3 .LiJOO 
-5.3 0.3300 
-5 e 6  -0.30GO 
-6 -  0 -0 *3000  
-6.5 0.3003 
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STRAIU LAYEic 

0.0303 
0.0002 
0.0302 
0.0001 
0.0001 
0. oooc 

-0.COO1 
-G.OOOl 
0. C 004  
0.0009 
0.000 I 

-0. G O  15 
-0.00 11 

o.co11 
0.0026 
0.C023 
0.0011 
0.0006 
0.0030 
-0. 0018 
-G.0039 
-0.0055 
-0.CO68 X 

-0.0054 
-0. GO38 
-0.0034 
-0.001 7 
0.0011 
0.0051 
0.0208 
0.0173 
0.0102 
0.0045 

-0.00 39 
-0.0396 
-0.0124 
-C.3101 
-0. GO46 
-0.0016 

0.C014 
L.0032 
0.0033 
O.CO26 
0.0003 

-0.0020 
-0. 0 0 1 4  

GeGOO7 
0.0.313 
(r.0005 
-0.0001 

0. G O 0 0  
0.0302 
0.0003 
0. 0002 
0.0002 
0.0003 
3e0003 
0.0003 
0.0003 
0.0302 
u.GSC2 
0.0002 
0.0002 
0. c 302 
0.0002 
0 ~ 0 0 0 2  
OeCOO2 
5.0302 
0.0302 
u.(r002 
0. C 002  
0.@033 

( O U T )  1 



I 

1 
2 
3 
4 
5 
6 
7 
8 
4 

10 
11 
12 
1 3  
1 4  
i 5  
16 
17 
18 
i9 
20 
21 
22 
23 
2 4  
25 
26 
27 
28 
29 
32 
31 
32 
33 
34 
3 5  
36 
3 7  
38 
39 
40 
41  
4 2  
4 3  
4 4  
45  
46 
47 
4 %  
49 
50 
5 1  
52 
53  
5 4  
55 
56 
57 
5 8  
59 
6 0  
61 
62 
63  
6 4  
65  
66 
07 
6 8  
69  
7 0  
1 1  
12 

.I= 240  T I C € =  0.0007224 
TOTAL ENERGY I N P U T  I I N e - L B *  = 926.700 

K I h E T I C  ENERGY I INe -LR.  ) = 571.153 
E L A S T I C  ENERGY ( IN . -LB.J  = 170.525 
P L A S T I C  WORK I I N - - L B e J  = 185.017 

N J  FORCING FUNCTION IS ACTING DURIVG T H I S  CYCLE 

V 

3.4272 
1.1851 
1.933 5 
2.666 5 
3.3 7 8 0  
4.0622 
4. 7144  
5.3303 
5.9039 
6.4257 
6.8915 
7.3073 
7.6770 
7. s E87 
8.2249 
8.3782 
8.4526 
8.4517 
8.3773 
8.2394 
8.0539 
7.8360 
7.5970 
7.342 8 
7.0615 
6.7483 
6.3991 
5.5989 
5.5359 
4.9936 
4,3268 
3. 589 5 
2.8290 
2.0609 
1.3126 
0.5563 

-0.2020 - 0.9623 
-Le 7206  
-2.4125 
-3 ,2055  
-3.91 86 
-4.5884 
-5.2119 
-5.7888 
-6.3271 
-6.8298 
-1.2838 
-7.6746 - 8.0002 
-8.2653 
-3.4687 
-6.6072 
-8.6783 
-8.6820 
-8.6189 
-8.4892 
-8.2940 
-8.0348 
-7.7135 
-7.3328 
-6.8954 
-6. 4049 
-5.8650 
-5.2759 
-4.6541 
-3,9925 
-3e30C3 
- 2.582 7 
-1 8454  
-1.0941 
-0.3346 

W 

-8.6632 
-8.5848 
-8.4426 - 8.2548 
-7.9626 
-7.62 7 8  
-7.2338 
-6.78 53 
-6.2 83 7 
-5r7286  
-5.1255 
-4.4871 
-3.8209 
-3.1257 
-2.4014 

-0.8969 

0.6232 
1.3725 
2.1116 
2.8419 
3.5655 
4.2839 
4.9521 
5.6869 
6.3642 
7.0128 
7.6184 
8. 1563 
8.5263 

d.7662 
8.7083 
8.613b 
8.5205 
8.4458 
8.3157 
8.3205 
8.1970 
8.0031 
7.7243 
7.3611 
6.9233 
6.4257 
5.8866 

'5.3141 
4.702 3 
4.0484 

-1.6551 

-0.1351 

8.71 ab 

3.3596 
2.6453 
1.9111 
1.1620 
0.4035 

-0.3583 
-1.1174 - 1.8682 
-2.6046 
-3,3211 
-4 a 0 119 
-4.6719 
-5.2958 
-5.8789 - t.4 166 
-6,9547 
-7.3394 
-7 ,7173  
-8.0355 
-8.2'; 14 
-8 e 4832 
-8,6L71 
-6,6683 

~ - .  
21.9 

-30.9 
12.1 
-5.2 

-72.2 - 64.1 
4.5 

11.0 
-28.4 

-4.2 
19.7 

-71.6 
-121.4 

22.8 
h5.6 
97.8 

194.4 
264.9 
294.3 
287.0 
3 5 1 0 9  
284.2 
206-  0 
135.6 

12.9 
- 7 7 * 3  

-167.6 
-75.3 

i m . 7  

N M STRAIN S T R A I N  
I I h l J  l iJI1TI 

-55.2 -7.2 - 3 . 0 0 ~ 2  0.00C1 
-182.0 -7.0 -0.0002 '2.0030 
-163.1 -7.5 -0.3002 3.0001 
-102.6 -11-1 -5.0002 Oe0001 
-140.2 -14.2 -0,5003 0.0092 
-16G.2 -6.0 -0.0532 0.0000 

61.6 7.4 0.0001 -0.0001 
163.5 -19.5 -3.0001 U.GO02 
255.8 -60.8 -0.0099 0.0012 
283,O -55.9 -0.0008 GeOO11 
187.8 40.6 3.0038 -0.0006 
113.8 95.6 0.0317 -5.0016 

62.1 1 2 0 4  0e0002  -0.0032 
42.4 -109.6 -0.0519 0.0010 

100.2 -146.8 -0.0025 0.0026 
32.0 -101.9 -0.9018 G.0018 

-72.6 -66.9 -3.0012 0.0011 
-28.9 -55.0 -0.3010 Oe0509 

19.6 18.5 0.0003 -0.G903 
264.4 134.8 0.0324 -0.0522 
491.2 249.4 3.0045 -0.0041 
588.2 329.2 0.0061 -G.0055 
641.8 336.9 0.0069 -0.0063 
400.1 254.6 0.0050 -0.004% 
415.0 243.3 0.3044 -0.0040 
434.5 200.9 0.0336 -0.0033 
365.3 59.4 3.5012 -0,0009 
399.1 -71.6 -0.0011 0.0014 
202.5 -222.9 -3.3345 0.0054 
110.1 -362.3 -S.O163 0.0211 

56.1 -427.8 -0.0155 0.0172 
-79.6 -331.8 -0e5107 0.0104 
-48.1 -324.6 -0.0051 OeC'351 

71.6 -28.1 0.0040 -Ge033A 
158.9 168.1 0.0090 -C.0088 
165.8 317.7 0.3111 -5.0111 
186.8 423.8 0.0121 -0e0118 
289e6 314.1 (JnC355 -0.0053 
437.2 134.7 0.0025 -0.0021 
438.9 -42.6 -3.0006 0.0000 
301.8 -172.7 -0.3029 C'eG031 
163.8 -233.1 -5.0034 O.0036 

9 3 - 0  -162.2 -010028 i.CO28 - 71.3 -0.0012 0.0012 
74.7 0.0013 -0.0013 

133.5 0eOJ23 -Le0023 
30.4 0.0005 -0.0005 

-73 e 3 -5 e 531 3 
-56.3 -0.0010 

4.0 0.0001 
16.5 5.0503 
-3.3 -0.0001 

-12.1 -3.0002 
-7.3 -0.0051 
-3.7 -0.3i)Ol 
-4.2 -0.03Gl 
-4.9 -3.0301 
-4.8 -3.13001 
-4.5 -0.0000 
-4.5 -0.5300 
-4.5 -0.or300 
-4.6 3.0500 
-4.6 3.OOG3 
-4.7 0.00Li 
-4.9 0.0901 
-5.0 S.OOC0 
- 5 - 2  - O . O J @ U  
-5.4 -0.0300 
-5.6 -0eP301 
-5.9 -5.3901 
-6 0 3 -0 e0002 
-6.8 -0.0032 
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0.53 12 
0.0309 
-0.0001 
-GeC003 

0. CSG0 
6.0002 
0.0051 
G.0003 
C.03CO 
0.000 1 
0.0001 
O.OOC)! 
G.OSO1 
0.0002 
5. c o o 2  
c.0002 
c.0002 
0.0002 
o,ooc'2 
0.0092 
~ . O O O I  
C.OG91 
O.C!001 
5.0000 
@.@001 

LAYER 
1 

tii 
a 

f 

xl  



I 

1 
2 
3 
4 
5 
6 
7 
i? 
9 

10 
11 
12 
13 
1 4  
1 5  
16 
1 7  
18 
19 
20  
21 
22 
23  
24  
2 5  
26 
27 
28 
29 
30 
31  
32 
33 
34  
35 
36 
37 
38 
39 
4G 
41 
42 
43  
44  
45  
46 
47 
48 
49 
50 
51 
52  
53  
5 4  
55 
56 
57 
58 
5 9  
60  
6 1  
62 
b3  
64  
6 5  
66 
6 7  
6 8  
69  
70  
7 1  
72 

J= 2 5 0  T I M E =  0.0007525 
TUTAL ENERGY INPUT ( [ N e - L B . 1  = 926.709 

t L A S T i C  kNERGY ( I N e - C R e )  = 175.516 
K I N E T I C  ENERGY ( I N e - L 8 . )  = 560.743 

P L A S T I C  WCkK ( I N . - L R . )  = 190.441 

NU FORCING FUNCTIDN I S  ACTING DdRING T H I S  CYCLE 

v 

0.4255 
1.1876 

2.6689 
3.38C1 
4.0640 
4.7163 
5r 332 5 
5.9G38 
604214  
6.8867 
7.3072 
7r b19C 
7.9863 
8.2152 

8.435G 
8.4281 

8.2073 
8.0230 
7. Bloc 
7.5777 
7.32 59 
7.0493 
6.7 438 
6.3996 
6.0030 

1.9361 

8.3638 

8.3477 

5.5421 
5.0002 
4.3332 
3.5967 
2.83 57  
2. C756 
1.3203 
0. 5657 

-0.19J6 
-0.9498 
-1a7G74 
-2.4594 
-3.1577 
-3.9101 
-4.5836 
-5.21C2 
-5,7579 
-6r 311 5 
-6.8189 
-7.2744 - 7.6766 - 7.998 1 
-8.2613 - 8,463'3 
-8.6031 
4 . 6 7 5 0  
-8.6788 
-8.61 56 
-8.4861 
-8.2910 
-8.0318 
-7.7106 
-7.3299 
-6. 8927 - 6.402 3 
-4.8626 
- 5.2776 
-4.6519 
-3c 9905 
-3. 2983 
-2,5807 
-1.8433 
-1sG919 
-003323 

*I 

- 8.6559 
-8.5 800 
-8.4374 
-8.223 2 
-7. $555 
-?e4195 
-7.2259 
-6.7776 
-6.2735 
-5.7144 
-5.1111 
-4.4757 
-3.8106 
-3.1133 
-2.3 E65 
-1.6391 
-0.8804 
-0.1184 

C e  6394 
l r  3883 
2.1277 
2r d594 
3.5852 
4.3043 
5.0143 

6.3923 
7.0429 
7 r 6 5 J l  
8.1685 
8.5584 
E. 7542 
8.7966 
8.7404 
E.6384 
8.5329 
Ea4403 
8.3774 
8r2975 
8.1752 
7.9872 
7.7172 
7.361 1 
6.9279 
6.4313 
5,4875 
5.3154 
4.6998 
4.0490 
3.3612 

5.7124 

2.6462 
1.9118 
1.1628 
C. 4045 

-c.3 574 
-1.1165 
-1.8671 
-2.6035 
-3.3198 
-4.0105 
-4,67C3 
-5.294U 
-5.8769 
-6.4143 
-6, SO22 
-7.3367 
-7.7145 
- R e  C32 5 
-8,2883 
-8.4799 
-8.605h 
-8.6645 

N 

243.3 

301.1 
210.3 
245.4 
242. 6 
190.6 
13264 
204.0 
133.6 
152.6 
210.0 
237.6 
399.4 
499.1 
534.7 
538.7 
541.R 
552.9 
431.7 
412.6 
453.1 
354.5 
304.7 
177.1 
139.0 
220.1 
21668 
245.5 
267.5 
188.5 
193.7 
119.9 

16.5 
10.7 

-94.8 
-49.2 
-19.3 

-1 39.7 
-154.3 
-105.9 
-100.5 
-147.0 
-182.5 
-216.0 

-50.7 
18.0 

-83.4 
-27.0 

64.8 
29.8 

-72.1 
-102.7 

-70.8 
-87.2 

-197.9 
-240.0 
-194. R 
-284.0 
-351.4 
-317-6 
-446.5 
-559.5 
-481.8 
-368.8 
-374.2 
-364.7 
-203.6 
-125.3 

-80.7 
1 5.1 

173- 4 

276.6 

Y STRAIN S T R A I N  LAYER 
( I N )  (OUT1 1 

-7.5 -0.0500 c.0302 
-7.1 -3.0300 Gat002 
-9.4 -0.0000 9.0003 

-15.1 -0.0oc2 0.500.) 
-13.0 - G b t ? j t i  u.0301 

4.7 5.33i2 0.093- 
7.7 3.57:2 -1;.3301 

- 3 9 . 3  -0.LGbb C'rOOCJ' 
-7b r7  -04ci113 C:ec314 
-15.7 - 0 * 3 3 c 2  d.0003 

85.8 3.0315 -0.0514 
72.9 b e 0 ~ 1 3  -5.0012 

-43.a - 3 . ~ ~ 0 7  U ~ O ~ ?  
-130.8 -5.0021 0.0024 
-125.0 -0.0019 G.0324 

-39.5 -ir.5013 0.0018 
-88.4 -0.0013 O a O O l H  
-54.6 -0100G7 0.0012 

44.7 0.0310 -0.0005 
163.2 0.0030 -0.6026 
279.6 0.0050 -0.0047 
33fL 4 0.0063 -0.0058 
301.6 0.0062 -0eOr358 
275.2 0.0053 -010052 
267.1 0.0347 -0. C945 
181.3 ?e0332 -0.0031 

48. o 0.0309 -0.0068 
-84.6 -3wCO14 0*0015 

-237.5 -5.0347 0.0057 
-367.4 -5.0163 0.0212 
-400.4 -0.0150 C.0166 
- ~ i 9 ~ 8  -0.3115 o.oi ia  ,. 
-271.5 -U.C042 CsC043 

-98.9 5.0027 -0.0026 
129.7 0.0083 -0.0082 

432.5 0.0126 -0.0126 
346.2 0.6064 -0.0065 t 

179.9 0.0330 -0.G032 
-4.8 -0.5002 0.0000 

-148.4 -0.0026 010025 
-213.5 -9.0037 0aC036 
-130.5 -I3*~032 0*0030 
-133.9 -0.0019 0.0017 

1 4 r 6  3.3001 -~ .O504 
130.5 3eb022 -0.0023 

9 d r i  0.0917 -0.3017 
-39.5 -0.0307 0.0006 
-88.3 -3.0515 2.0015 
-250 7 -0e0034 Ce0005 

10.2 0.3301 -0.0002 
-11.7 -3.0303 010001 
-12*1 -u.uu02 0.0002 

-5.0 -0.0001 0.3003 
- 3 r 4  -0.0002 -0.POO0 
-4.8 -3.0302 -0.0000 
-5.2 -3.0002 -0.9oco 
-4.6 -3.0502 -U.0007 
-4.6 -3.OC32 -0.0001 
-4.6 -0.5902 -L.0001 
-4 e 6  -0 e9003 -0 e 0 0 0  1 
-4.7 -0.0003 -0.0007 
- 4 r B  -o*u503 -ue03o1 
-5.0 -0.0003 -O*OOOl 
-501 - 3 . 0 3 0 3  -0.0391 
-5.4 -5.5003 -0.0001 
-5.7 -0.0Q02 c.0000 
-6.0 -0. GOG2 0. 0000 
-6.3 -0.0032 GsDOO1 
-6.9 -0eCOC1 Ce0301 
-7e5 -LIc.C~Ol 0.C002 

276.4 S r C i O 3  -5.0105 

22.6 0.5304 -0.too4 
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I 

1 
2 
3 
4 
5 
6 
7 
b 
9 

10  
11 
1 2  
1 3  
1 4  
is 
16  
1 7  
1 8  
19  
2c  
21  
22 
23  
24 
2 5  
2b 
27 
26 
29 
30 
3L 
3 2  
33 
3 4  
3 5  
36  
37 
38 
39 
4b 
4 1  
42 
43 
4 4  
45 
4 6  
47  
46 
4 4  
50 
5 1  
52 
5 3  
54 
55 
56 
57 
5b  
5 9  
60  
61  
62 
63  
64 
6 5  
66  
67 
6 8  
b9  
70  
7 1  
72 

J =  260 TIF"E= 0.G007826 
TOTAL ENERGY I N P U T  ( IN.-LB.  I = 92h.700 

K I N E T I C  ENERGY ( IN.-LB. I = 551.519 

P L A S T I C  ri!JRK 1 [ N . - L B a I  = 135.029 
ELASTIC ENERGY ( IN.-LH. I = iao.  151  

N U  FGRCING F U N C T I J N  I S  ACTING DURINt i  T H I S  CYCLE 

V 

0.4327 
1.19G6 
1,9388 
2.6713 
3- 3820 
4.0658 
4.7188 
5.3343 
5.9018 
6.4104 
6 .  8845 
7. 3092 
7.6801 
7.981 1 
8.2041 
8.3494 
804157 
d e  401 9 
3.3168 
8.1749 
7.9933 
7.7864 
7.5583 
7.3086 
7.0389 
6. 7403 
6.4C02 
6. CC76 
5.5479 
5.0056 
4.3357 
3.603 5 
2.8427 
2.5826 
1.3280 
0,5755 

-3.1792 
-0.9369 
-1.6938 
-2.4457 
-3.1853 
-3.9008 
-4.5785 
- 5.2083 
-5.7877 
-6.3190 
-6.8101 
-7,2632 
-7.6642 
- 7.9964 
-8,2590 
-8.4554 
-8- 5986 
-8.6716 
- 8,6161 
-8.61 29 
-9.4835 
-8,2886 
-8.5295 
- 7.7084 
-7.3278 
- 6.89C5 
-6.4000 
-5,8602 
- 5.2750 
-4.6492 
-3.9875 
-3.2951 
-2,5774 
-1,8400 
-1.08E5 
-0,3291 

w 

-8.b513 
-8.5749 
-8.4318 
-8.2223 
- 7.9475 
-7.6114 
-7.2187 
-6.7694 
-6.2609 
-5.6989 
-5.1976 
-4.4649 
-3.7993 
-3.0993 
-2 e 3 737 
-1.6227 
-0.8637 
-0.1019 

0.6553 
1.4037 
2.1437 
2.8770 

4.3 240 
5.0367 
5.7378 
6.4196 
7. Q726 
7.6806 
8.2181 

8.7856 
E.E260 
8.7714 
8.6649 
8. 5455 
8.4411 
8.3615 
8.2752 
8.1526 
7.96 97 
7.7Cbl 
7.3bO2 
6.9316 
6.4368 
5.8909 
5.3ce5 
4.6901 
4.0484 
3.3629 
2.6478 
1.9 130 
1.1641 
U e 406C 

-0.3558 
-1.1148 
-1.8654 
-2e6C 19  
-3.3182 
-4.OC89 
-4.668 8 
-5.2926 
-508754 
-6.4 126 
-6.9006 
-7.3350 
-7.7126 
-8.0303 
-8.2858 
-8.476 9 
-8.6021 
-8a66C4 

3.6041 

8.5 a97 

N M S T K A I h  S T R A I N  L A Y E R  
( I N )  ( i ) U T I  1 

-121.1 -6.9 -0.0002 C.0001 
-75.7 -7.4 -0.ooc2 c.3001 
-73.7 -13.3 -0.0003 0.0002 

15.5 -17.9 -I)eUOO3 G e 0 0 0 3  
177.6 -4.1 -0.OJ00 0.0901 
333.1 15.8 0.0004 -0.0001 
435.5 -13.4 0.0UuU 0.0004 
454.3 -74.6 -0.0311 0.0015 
398.9 -65.8 -0.0310 0.C013 
429.6 41.4 3.G309 -0.U005 
460.9 99.0 0.~1319 -C..CC15 
477.3 25.0 UmC306 -0.3007 
422.0 -86.3 -0.0'313 0.C317 
316.8 -126.4 -900021 GeC023 
257.3 -103.0 -0.0017 G.0019 
242.8 -191.5 -0.0017 O.CO18 
216.7 -103.5 4 . 0 3 1 7  0.001" 
142.3 - 3 8 . 3  -u.OOLh G.OC17 
125.5 68.1 0.0012 -0.COll 

77.7 197.4 OeC33u -Cecil34 
50.4 305.1 0.0053 -0.0952 

181.1 324.8 0.0065 -0.0057 
28106 284.7 0.0059 -0.0056 
409.0 315.2 O.SG6l -0.C058 

230.7 157.6 G.0328 -0.0326 
-55.1 50.0 O.OCOR -C.0009 

-243.7 -158.4 -0.0020 6.0018 
-218.2 -255.4 -0.0052 0.0058 
-298.1 -346.3 -C.0162 0.0206 
-332.9 -413.0 -0.0154 0.01b8 
-503.7 -416.3 -0.0123 0.0117 
-543.9 -243.9 -0.0040 0.0035 
-425.4 -143. M 0. GO17 -0.0020 
-283.6 56.7 0.0069 -GeO071 
-159.4 231.7 d,.O105 -0.0108 
-103.5 396.4 0.0119 -0.0121 

-64.9 3b5.3 0.0376 -0.0070 * 
-83.2 226.6 3.0039 -0.0340 

-173.2 37.2 0.5306 -0.C007 
-250.0 -120.0 -0.0022 L.0020 
-189.7 -211.7 -0.0337 0.C036 
-212.1 -207.9 -0e0037 G.0035 
-190.7 -127.6 -0.0323 0.0921 

-9R.6 -27.7 -0.0005 0.0004 
-149.9 91.5 OeU315 -0.0017 
-172.5 137.6 0.3323 4 . 0 0 2 5  
-141.7 26 -8  5eC304 -G.0005 
-247.0 - Y l a 3  -0eU017 0.0015 
-271.8 -70.0 -0.0'113 0.CsOll 
-294.9 9.4 G.0500 -0.0003 
-469.2 27.1 0.0003 -0-CO07 
-451.4 -2.4 - 0 . ~ 0 C 2  -Ue0002 
-365.7 -16.7 -0.L005 0.0001 
-450.3 -3.2 -0eilOG4 -0.0000 
-415.4 -3.0 -0.0002 -@e0001 
-277.9 -3.9 -0eOOG2 -0.0001 
-220.4 -5.5 -0,0002 -0.0000 
-336.4 -5.4 -0.0302 -0.0001 
-416.9 -4.9 -0.0003 -CaOO0l 
-260.2 - 4 e 9  -0.0032 -0.000'3 
-229.1 -5.0 - 0 . 0 ~ 0 2  -0.0000 
-320.7 -5.1 -3.OOi12 -0.C001 
-246.7 -5.2 -tJeUG32 -~.033r) 
-160.9 -5.r -0eG302 ~ ~ 0 0 0 5  
-140.7 -5.6 - 0 e 0 0 0 2  0aO3O'l 
-162.0 -5.8 -0.0002 o.9ouo 

-88.5 -6oL - 3 e 9 S C L  2.00C1 
-97.4 -6.3 -0.9032 0,0001 

-1b6.5 -6.7 - i e 3 0 C L  0.COOG 
-129.7 - 7 ~ 4  - 3 e C ) I ? 2  O.OC01 
-187.7 -7.7 -o,d302 C.0>0" 
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348.8 267.7 9.034a - 0 . ~ 0 4 5  



I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

13 
il 
12 
13 
14  
1 5  
16 
17 
18 
19  
23 
21 
22 
23 
2 4  
25 
26 
2 7  
28 
29 
30 
3 1  
32 
33 
34  
35 
36  
37 
38 
39 
4 0  
41  
4 2  
43 
44 
45  
46 
47 
4 8  
49  
53  
5 1  
52 
53 
5 4  
55 
5 6  
57 
58 
59 
6 3  
61 
6 2  
0 3  
6 4  
6 5  
66 
67  
b 8  
6 9  
7G 
7 1  
7 2  

J= 270  T I M E =  0,0008127 
TOTAL EFsERGY INPUT ( IN . -LR.  I E 926.700 

E L A S T I C  ENERGY ( I N . - L B , )  = 185.424 
K I N E T I C  ENERGY ( INe -LBe 1 = 543.071 

P L A S T I C  WORK ( 1 N a - L B . I  = 138.205 

N J  F O R C I N G  FUNCTION IS ACTING DURING T H I S  

W 

5.4367 
1.1946 
1.9427 
2,  b747 
3.3849 
4.0689 
4.7221 
5 -3349  
5.8979 
6.4122 
6 -  8845 
7.311 3 
7.6785 
7.9735 
8,1427 
8.3345 
8.3943 
8.3743 

8.142 8 
8.2851 

7.9658 
7.7641 
7,5374 
7.2931 
7.0304 
6,7374 
6.402 5 
6.0129 
5.5539 
5.0121 
4.3469 
3.61 00 
2.8492 
2 . w 9 1  
l r  3350  
0.5841 

-0.1684 
-0.5245 
-1.6804 
-2.4319 
-3.1724 
-3.8907 
-4.5727 
- 5.2064 
-5.7873 
-6.3181 
-6.8044 
-7.2520 
-7.6548 
-7.4937 
-8e25EO 
-a.4567 
-a. 5943 

-a. 0110 

-a.0270 

- 8. b683 
-8.6740 

-8.481 4 
-8.2866 

-7.7065 
-7.32 58 
-6.8884 
-6.3978 
-5.8577 
-5.2724 
-4.6463 - 30 5844  
-3.2919 
-2.5740 

-1.0647 
-0.3251 

- 1. a363  

H 

-8.6467 
-8.5698 
-8.4257 
-80 2146 
-7.3387 
-7.6034 
-7.2114 
-6.7589 
-6.2456 
-5.6R36 
-5.085') 
-4.4549 
-3.7675 
-3.0851 - 2.3554 
-1e6L68 
-c. 8473 
-0.0057 

0.6709 
1.4192 
2.1 602 
2.8948 
3.6222 
4.3437 
5.5588 
5.7621 
6.4465 
7.1012 
7r7G96 
8.2478 
8.6205 
a.6142 
t ) .  R575 
8.8C03 
8.6906 
8. 5613 
8.4453 
E .  3484 
8.2543 
a. 1294 
7.9508 
7.697 1 
7.3 579 
6.9351 
6.4424 
5-8960 
5.3C96 
4.6933 
4.0468 

2.t504 
1.9 149 
1.1656 
0.4c 7 5  

-0.3543 
-1.1134 
-1.d64i 
-2 e 6006 

3.3 646 

-je 3171 
-4.2079 
-4.6678 
-5.2916 
-5.8745 
-6.+ 11 9 
-6.8496 
-7.3338 
-7,7111 
-8,0285 

- 8.4742 
-8.5989 
- E .  6565 

-8.2 a35 

N M S T R A I N  

38.1 -6.3 -0.0091 

-1.5 -19.2 -0.G003 
80.1 -1 4.7 -0sJrJ02 

( I N )  

-81.8 -10.1 -0.0002 

CYCLE 

S T R A I N  LAYER 

0.0001 
0.0001 

( O U T )  1 
S T R A I N  LAYER 

0.0001 
0.0001 

( O U T )  1 

c.000 3 
0 e0003 

-12.9 12.3 G.0002 -0.0002 
-78.0 14.6 5.0002 -G*G003 

-219.0 -92.2 -0*0517 0.0015 
-208.1 -1Rs6 -0eD004 G.0002 
-178.4 86.2 0.0314 -0.0016 

-198.9 -26.1 - 0 e G O O 5  O e G O G 4  
-146.8 -104.9 -0.0019 C.0017 
-140.6 -106.9 -0.0019 C.0018 

-5.0 -10'3.7 -0.0017 0.0017 
64.2 -123.7 -3.3021 OaCO22 
55.0 -131.3 -0.0017 0e0018 

-22.7 -21.8 -3.0504 OeC004 
-187.3 96 -6  0.0016 -0.0018 
-173.8 235.0 S.0943 -Ce0041 
-229.5 31J.9 0.0053 -C*Cr355 
-221.7 294.6 3.0353 -0.G053 
-185.7 316.8 0.0062 -0.C063 
-221.3 327.7 5.0G60 -0.G063 
-235.8 258.5 0.3044 -6.0046 
-202.0 155.2 0.0026 -0.CO28 
-228.0 32.3 010004 -0.0007 
-260.7 -128.1 -0.0023 0.G021 
-363.3 -255.1 -3.0353 0.0057 
-308.7 -343.6 -0.3162 0.@206 
-201.9 -440.2 -0.0159 0.0173 
-208.3 -376.0 -3.3114 0.0111 
-53.3 -286.7 -0.0345 0.0045 

-123.6 -L48.4 0.G318 -0.0018 
-195.1 5.5 0.0061 -C.0062 
-132.6 278.8 0.3103 -G.0106 
-217.6 353.1 0.0111 -0.0114 
-165.3 382.9 0.0089 -0.0092 * 
-264.9 269.2 0.0045 -0.0048 
-411.0 88.2 Gei1013 -0.0317 
-499. 7 -90.1 -0.0018 0.(?013 
-537.2 -231.0 -0.3037 U*0'332 
-412.5 -229.3 -0.5041 G.bJ3fl 
-330.6 -160. 3 -0.0029 0.0926 
-357.3 -53.2 -0.0511 G.GO07 
-328.3 49.9 0.5007 - 0 ~ 0 0 1 0  

-440.0 94.1 0.0014 -0.0019 
-365e3  -51.6 -9.0011 0.0037 
-350.2 -106.8 -0.0023 0.0017 
-374.1 -29.1 -3.0307 0.0003 
-254.8 34.4 0.0305 -0.0307 
-241.4 17.2 0.0032 -G.C004 
-171.7 -15.6 -0.0004 0.0302 
-148.1 -16.8 -0.03c14 0.0002 
-199.0 -5e2  -0.0002 4 e O O O O  

-10.1 -2.4 -3eOOO1 0 e C O O O  
20.4 -5.2 -0e0001 Oe0001 

-129.4 -6e1  -CeOG02 0.0000 

-35.1 -5.2 -0.0001 0.0001 
25.8 -5.4 -5,0001 (3,0031 
27.9 -5.5 -3.9001 0.0001 
655.1 -5.6 -0.5301 L.0001 

178.5 - 5 e 8  -0.0001 0.0001 
92.7 -6 .3  -3.0301 G.0001 

9.5 -6 -2  -3.0901 0.0001 
-69,O -6.4 -3.0001 G e O O O 1  
89.1 -6.8 -0.0t)Ol O a O O 3 1  

155.6 -7 -5  -0.5301 0.0002 
123.5 -8.1 -3e33C1 Oe0002 

98.8 -7,s  -0.0501 0.0332 

-189.1 -48.0 - 3 . G k 9  3.0007 

-216.3 77.1 3.0012 -0.0014 

-361r 5 i33.9 0.0921 -0.C025 

-92.4 -se5 -a.o0oi o.caor 
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

l(i 
11 
12 
i 3  
1 4  
i 5  
16  
i 7  
1 8  
1 9  
23 
21  
22 
2 3  
2 4  
2 5  
2 6  
27 
2 8  
2Y 
3G 
31 
3 2  
3 3  
34  
35 
3 6  
37 
38 
3 9  
40 
4 1  
42 
4 3  
4 4  
4 5  
4 6  
47 
+8 
49 
5 h  
5 1  
52  
53  
5 4  
5 5  
5 6  
57  
58 
5 9  
6 3  
61 
6 2  
6 3  
6 4  
0 5  
b 6  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  

J= 2 8 0  T I M E =  0.0008428 
TOTAL ENERGY INPUT ( I N e - L H e l  = 926.733 

K I h E T I C  ENERGY ( I N o - L R e )  = 5 3 4 - 1 2 d  
ELASTIC E N E R G Y  ( INe-LBe I = 191.935 
PLASTIC NORK ( INI-LHe 1 = 200.737 

NJ FGKCIFlG FUNCTION I S  A C T I N G  DURING T H I S  CYCLE 

V 

3.4404 
1,1982 
1. S46C 
2.6774 
3.3E75 
4.072 4 
4.7249 
5.3337 
5.8937 
6 ,4104 
6.8867 
7.3131 
7.6756 
7. 9660 
8.1823 
8.3187 

6.345 7 
8.2531 
8.1126 

7.7412 
7.5170 
7.2757 
7.022 9 
6.73 52 
6.4059 
6.3178 
5.5596 

a e 3 7 i 5  

7.9407 

5.019 5 
4.3530 
3.6162 
2.8555 

1.3424 
2.0958 

0.5922 
-Oe15E4 
-0.9119 
-1.6666 
-2.4175 
-3.15 e8 
-3.8798 - 4.5662 
-5.2044 
- 5.7877 
-6.3183 

- 7.2435 
-7.6441 
-7,7885 

-6.ao17 

-a .  2 5 9 2  
-a .45 6 4  
- 8.59C9 
- 8 0 6 6 4 6  
-8.671 7 
- 8.6094 
-8.4795 
-a.2845 
-a. 02 56 
-7.7045 
-1.3237 
-6,8861 
-6.3953 
-5 ,8551 
-5,2695 
-4.6433 
- 3 * 4 8 1 3  
-3.2885 
-2 ,5705 
-1,8327 
-1,081C 
- 3 0  32 1 4  

rl 

-8.6423 
-8.5648 
-8.4195 
-8.2067 
-7.9308 
-7.5573 
-7.2041 
-6.7463 
-6.2299 
-5.6702 
-5.0757 
-4.4446 
-3.7741 
-3. 0 706 
-2.3403 
-1.591 0 

-C.3700 
0.6862 
1.4347 

- c . a 3 i i  

2.17b8 
20 9 1 2 1  
3.6401 
4.3640 
5.3813 
5.7868 
6.4739 
7.1296 
7.7386 
E. 2786 
8.6490 
e. e42 9 
8.8885 
d.8287 
8.7138 
8.5817 
8.451 1 
8.3392 
8.2355 
8.1068 
7.9311 
7.6850 
7.3 543 
6.9384 
6.4483 

,5.9017 
5.3129 
4.6923 
4.0443 
3.3648 
2.5526 
1 0 9 1 6 7  

0.4085 

-1.1127 

1.1667 

-0.3 534 

-1.8634 
-2.5998 
-3.3164 
-4 e 0073 
-4.6672 
-5e291C 
-5. E 7 3 8  
-6.4110 
-6.8985 
-7,332 5 
-7.7c95 
-8.0265 
-8.2812 
-8.4714 
-8.5955 
-8,6525 

N '4 STRAIN S T R A I N  L A Y E R  
( I N 1  ( O U T )  1 

44.4 -6.8 -0.0031 0.0001 
-25.6 -16.4 -0oQ333 0.0103 

-186.0 -22.7 -5eOOO5 5.0003 
-239.7 -0.7 -3.3301 -0.00C1 
-187.0 26.7 3.5304 - C e G S G o  
-252e2 -10.3 -0.3033 C.6001 
-291.6 -813.3 -0.0517 0.0014 
-244.0 -74.9 -0.0014 0.0012 

-399.8 99.8 3.5015 -0.0019 
-447.0 35.4 0.0004 -0.0068 
-585.3 -64.4 -0.0314 0.0058 
-631.1 -130.4 -0.uG20 0.0014 
-631. 9 -93.2 -0.0319 5.0013 
-691.0 -118.3 -0.2024 G.0017 
-623.3 -135,2 -0.3326 0.0020 
-627.3 -92.7 -3.0019 0.0013 
-585.9 -4.2 -0.0003 -0.0002 
-491.6 130.6 0.0021 -0.0026 
-419.6 261. 3 0.0043 -G.0047 
-352.4 2 8 8 - 6  0.0048 -0.0051 
-346.4 296.4 3.0353 -0.0054 
-25G.O 347.9 3.0068 -0.037@ x 

-109.4 319.2 0.0359 -0.0061 
-1 29.5 254.3 5.0043 -0. GO45 
-166.5 158.4 0.0026 -0.G328 

-70.7 -3.6 -3.3901 -0.OOOC 
-147.4 -135.1 -0.0724 9.0023 

-3c8.4 40.0 0.0~105 -o.oaoa 

-160.3 -244.2 -0.0350 0.0056 
-201.8 - 3 3 0 . 8  -0.0168 0.0213 
-335.1 -419.3 -0.0156 0.0169 
-179.2 -360.5 -0.0111 G.OlG8 
-287.5 -320.7 -0.0052 OeC050 x 

-318.4 -169.6 OeG513 -0.0015 
-333.5 24.4 3eOOb3 -0.CJ66 
-437.6 188.0 0.0086 -0.0092 
-270.7 353.2 5.0111 -0.0113 
-353.2 391.7 0.0096 -0.3100 g: 

-232.3 311.7 3eC053 -0.C355 
-132.1 141.4 0.J324 -0eO025 
-182.5 -51.8 -5 .0010 0.3008 
-186.d -190.0 -0.0334 0.L332 
-184.9 -238.9 -0.0542 0.0040 
-242.0 -196.3 -0.0335 O.CO33 
-152.4 -82.4 -3.0315 b e 0 0 1 3  

-85.6 24.0 0 .3004 -0,0005 
-106.6 107.2 3.0318 -0.0019 
-2020 7 12de 7 0eU021 -0.0023 
-248. r  16.3 0.3002 -0.COO4 

-35.9 -108.1 - 0 e 0 0 1 9  5 e G i l l 8  
52.0 -82.1 -3.5314 C.0014 
6 9 - 0  16.4 0.0003 -0.0003 

228.5 39.5 0 e O O G 6  -0.OGO6 
168.3 -1.7 Om0000 0.0001 
96.0 -23.3 -3.0304 0.0004 

164.2 -12.1 -0eJOO1 0.0003 
39.3 -1.7 -0.0000 0.0000 

8.0 -3.3 -0.0301 0.0301 
1 0 9 - 3  -6.4 -0eO301 Oe0002 

93.7 -6.4 -0.0001 O e O O O 1  
90.6 -5.6 -3.0501 C.0001 

231.2 -5.6 - 3 . 6 3 0 3  3,0002 
251.2 -5.8 - 0 e 3 0 0 ~  0 e O O O 2  
222. 7 -6.0 -0aOOO0 GeG3C2 
213.9 -6.1 - ' 3 e G d O O  C.0002 

44.1 -6.3 -Ue0001 0.0001 
-30.9 -6.5 -0.0001 0 . O O O i  

37.1 -6.7 -0.0001 0.5001 
131.2 -7.3 -0.0301 0.3002 

55e1 -8.2 -3.0001 0 ,0902 
- 5 0 4  -8.3 -0.0302 0.0001 
410 8 - 6 ,  3 -3.0001 0 . C O O l  
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I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

13 
11  
i2 
1 3  
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 5  
26 
27 
28 
2 9  
30 
3 1  
32 
3 3  
34  
3 5  
3 6  
37 
38  
39 
40 
4 1  
42 
4 3  
4 4  
4 5  
4 6  
47 
48 
4 9  
50 
5 1  
5 2  
53 
5 4  
5 5  
56 
5 i  
58 
5 9  
60 
6 1  
0 2  
6 3  
6 4  
65  
66 
6 7  
68 
b 9  
7 0  
7 1  
7 2  

J= 290 T I M E =  0.0008729 
TUTAL ENERGY I N P U T  I I N e - L B e )  = 926.700 

K I N F T I C  ENERGY I I N e - L H , )  = 525.303 
E L A S T I C  ENERGY I IN.-LE. 1 = 197.966 
P L A S T I C  WORK ( I N e - L B . 1  = 203.431 

N 3  FORCING FUNCTION IS ACTING DURING T H I S  CYCLE 

v 

0.4435 
1.2011 
1,9485 
2.6796 

4.0757 
4.7259 

5.89C5 
6.4110 

3.3903 

5.3307 

6.8857 
7.3141 
7.6724 
7.9603 
8.1728 
8.3026 
8.3486 
8.3167 
8.2221 
8.0850 
7.9162 
7.7173 
7.4982 
7.2672 
7.0162 
6.7346 
6.4090 
6.0227 
5.5663 
5.026 5 
4.3589 
3.6228 
2.862 1 
2.1024 
1.3496 
9.5998 

-0.1487 - 0.9000 
-1,6534 
-2.4034 
-3.1451 
-3.8685 
-4.5590 
-5,2020 
-5.7807 
-6.3195 
-6.8008 
-7.2382 
-7.6338 - 7.9802 
-8.2582 
-8.4581 
-8.58 91 
-8.6603 
-8.6685 
-8.6076 
-8.4777 
-8.2823 
-8.0 233  
-7.7022 
-7.321 3 
-6.0837 
-6.3927 
-5.8524 - 5.2668 
-4.640 5 
-3.9783 
-3.2855 
-2,5674 
-1 ,  8 2 4 6  

-0 e 31 83  
-1 -07  19 

W 

-8.6383 
-8.5651 
-8,4129 
-8.1991 
-7.3251 
- 7.592 9 
-7.1960 
-6.7328 
-6.2160 
-5.6 59 8 
-5.0672 
-4.4346 
-3.762 3 
-3.0570 
-2.3255 
-1.5749 
-01 8145 
-9.0535 

Oe7C25 
1.4517 
2.1946 
2.9300 
3.6595 
4.3 854 
5.1046 
5.8125 
6.5012 
7.1578 
7.7682 
E. 3083 
8.6766 
6.8730 
8.9176 
8.8564 
8.7377 
8.6C23 
8.4597 
8.3332 
8.2192 
8.0849 
7.9103 
7.6711 
7.3489 
6.940 2 
6.4542 

5.3168 
5.9075 

4.6928 
4eC416 
3.3629 
2.6535 
1.9183 
1.1677 
Ce4C92 

-0.3527 
-1.1121 
-1. a b 2 8  
-2.5991 
-3.3156 
-4.0366 
-4.b665 
-5.2902 - 5 .a728 
-6.4099 
-6.8$72 
-7.3309 
-70 7076 
-8.0244 
-8.2787 

-8.5920 
-8,6487 

-8.4684 

N M STRAIN S T R A I N  LAYER 
1 I N )  1 3 U T 1  1 

-99.3 -11.5 -0,0002 c.0301 
-256.3 -24.7 -0.0005 0.0003 
-448.7 -16.7 -5.5005 0.0001 
-425.9 21.8 0.0502 -5.000h 
-413.6 23.1 0.0002 -Ge3@36 

-293.5 -lt35.6 -0.0323 0.0517 
-229.7 -26.7 -3.36G6 0.0304 
-134.d 82.6 0.0314 -0.0015 
-223.4 83.4 3.3313 -5.0015 

-141.6 -80.1 -0.0015 0.0013 
-251.1 -86.5 -0.0016 0.5014 

-303.4 -139.8 -0.0026 C.GO23 
-337.3 -136.8 -0.0325 0*C052 

-336.4 27.0 0.0303 -0e3006 

-220.9 258.9 0.3044 -0eC046 
-257.6 269.8 0.0045 -0.094R 
-363.1 325.7 3.0358 -0.0061 * 
-346.3 351.0 0.0569 -0.0073 
-37b.4 316.5 0.0057 -0.0062 
-347.5 256.2 0.0043 -0.0346 
-459.9 141.2 0.0022 -0.0026 
-512.U -17.5 -0.0005 0.0301 
-406.3 -132.0 -0.0025 0.0021 
-453.2 -259.6 -0.0054 L.0058 
-432.3 -401.3 -0.0172 01G215 
-355.8 -381.4 -0.0149 0.0163 
-369.9 -387.3 -3.0117 0.0112 
-271.9 -320.9 -0.0353 0.0050 
-241.3 -187r9  5.0011 -0.C312 

-94.3 27.2 0,0065 -0.0065 
5.7 122. U 0.0377 -0.0078 

-49.6 329.5 0.0108 -0.0109 
26.3 401.6 0.0104 -0.0104 * 

148.3 339.0 0.0061 -0.0059 * 
87.2 192.6 0.0033 -3.0033 

139.4 -5.5 -0.0000 0.00@1 
85.1 -173.3 -0.0030 0.0530 
84.2 -244.4 -0.0042 0.0042 
75.7 -222.5 -0.0038 0.C939 
44.3 -122.2 -0.0021 0.0021 

234.6 2.9 0.0001 0.0000 
355.9 05.4 3.0016 -0.0013 
376.1 126.6 0.0023 -0.0520 
393.5 76.7 0.0015 -0.C012 
224.0 -64. 3 -7.0510 0.C8312 
182.7 -123.6 -3.0020 0.0522 
239.4 -31.6 -0.0004 C.G336 
218.4 47.0 0.0009 -0.0007 
265.4 25.6 0.0005 -0.0003 

85.9 - 2 3 r l  -0.0004 G.0304 

-406.8 -55.1 - 0 . o ~ i i  O.OQOE( 

-251-1 -8.0 -0.0003 c.oon3 

-280.3 -101.3 - J . O C X ~  o.ooi6 

- 3 2 2 - 4  -87.0 - ~ 0 o i 7  ~ ~ 3 1 3  

-278.5 i 7 8 , 6  0.0029 -0.0032 

238.4 -20.2 -0.0393 0.0004 

27.8 -3.5 -s.oooo o.oocn 
-6.7 -5.4 -0.0301 0.0501 

60.7 -5.2 -3.9901 0.0001 
252.0 -7.4 -0.0000 u.oooz 
263r2  -6.4 -5.0900 O.COO2 
144-0  -5.7 -i),3O'J0 0.0002 
i 23.5 -5.9 -0.0001 0.0001 
-21,7 -6,L -3.0001 0.0001 
-93.9 -6.4 -0.0002 Oe0301 
-55.4 - 6 r 5  -0eOOO1 3aOOO1 

-100,O -6.7 -0.COC2 0.0001 
-136.6 -7.0 -0e0002 G.0001 
-161e9  -7.9 -0.0002 0.0001 
-160.4 -8.8 -0e0002 C.0001 
-161,R -7.2 -0.0002 0.0000 

-93.6 -4.8 -0eOOO1 0.0000 
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I 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
18 
19 
20 
2 1  
22 
23  
24 
2 5  
2 6  
27  
2b 
29 
33 
31 
32 
33  
3 4  
35  
3b 
3 7  
38 
39 
46 
41  
42 
4 3  
4 4  
4 5  
46 
47 
48 
49 
50 
51 
52  
53  
54  
55 
56 
57  
56  
59 
60 
6 1  
62  
63 
6 4  
65  
66 
6 7  
b8  
69  
70 
71  
72 

J= 3GO T I C E =  0.0009030 
TCITAL ENERGY I N P U T  ( IN . -LB. )  = 926.7G0 

K I N E T I C  ENERGY f I N a - L B e )  = 518.141 
E L A S T I C  ENERGY ( I N e - L R n  1 = 231.977 
P L A S T I C  WORK ( C N a - L B e )  = 206.5Bl 

NO FORCING FUNCTION IS ACTING DURING. T H I S  

V 

7.4460 
1.2035 
1.9507 

3.3940 
4.0790 
4.7256 
5.3278 
5.8857 
6.4138 
6.8927 
7.3140 
7.6658 
7.9555 
8.1628 
8.2 859 
8.3246 
8.2872 
8.1932 

2.6821 

8.0593 
7.891 0 
7.6944 
7.4811 
7.2556 
7.0112 
6.73 53 
6.4118 
6.0283 
5.5738 
5.0319 
4.3648 
3.6285 
2.6677 
2.1081 
1.3551 
0.6068 

-0.1405 
-0.8895 
-1.6411 
-2.3899 
-3.1314 
-3.8565 
-4.5509 
-5.1987 
-5.7897 
-6.321 6 
-6.8009 
-7.2346 
- 7.6250 
-7.9692 
-8.2531 
-9.4596 
- d. 5895 
- ?3e 6564 
-0.663 9 
-8.6050 
-8.4741 
-8.2802 

-7.6999 
- 7.31 51 
-6.8814 

-a,02c a 

-6e 3905 
- 5. 0502 
-5.2645 
-4.6382 
-3.576C 
-3.2831 
-2* 5449 
-1.8270 
-1,0753 
-0.31 57 

W 

-8.6349 
-8.5553 
-8.4062 
-8.1930 
-7,9217 
-7.5883 
-7,1854 
-6.7 187 
-6.2 042 

-5.0588 
-5.6513 

-4.4240 
-3. 7503 
-3.0440 
-2.3109 
-1.5589 
-0.798 1 
-0.0371 

0.7190 
1.4689 
2.2119 
2.9479 
3.6792 
4e4C69 
5.1285 
5.8387 
6.5285 
7.1870 
7e 7989 
8.3370 
8.7064 
8.9026 
8.9454 
8.8824 
8.7641 
8.6204 
8.4714 
8.3308 
8.2050 
8.3643 
7.8886 
7.6545 
7.3408 
6.9398 
6.4588 
5.9132 

‘5.3209 
4.6944 
4.0400 
3.3603 
2.6533 
1.9200 
1.1692 
0.4104 

-0.3516 
-1.1111 
-1.8623 
-2.5982 
-3.3146 
-4eC055 
-4.6654 
-5.2089 
-5.8714 
-6.4C84 
-6.8955 
-7.3291 
-7,7056 
-8,0222 
-8.2 7 32 
-8.4655 
-8,5888 
-8.6454 

F I R S T  Y I E L D I N G  A1 

N “.I STRAIV  
( I N )  

-1 67  0 -2 D e 5  -0 e0004 
-133.0 -28.9 -0eOOG6 

C Y C L k  

S T H A I Y  LAYER 

0.0003 
C a  COG4 

( O U T )  1 

-58.6 3.5 1.0300 -9eO301 

16.9 -8.8 -0e33 i2  O.OCO1 
-71e3 -98.7 - 3 . 0 ~ 1 7  0.0017 
-72.4 -85.4 -0.0515 Ga0014 

51.2 29.5 0.0005 -0.0005 
1.7 35.8 U.OCl16 -0.0017 

-59.8 48.7 O e O G C 8  -000009 
-75.6 -38.2 -0.0007 CJe0@?5 

-2.8 -73.3 -0.6213 0.0013 

l e  3 - 124-2 -3.0022 0.0321 
64.3 -151.3 -0.C326 0.0026 

102.8 -139.9 -0.3024 0.0025 
84.4 -72.7 -0.0312 0.0013 

3.3 72.6 0.0012 -0.0313 
-13.0 199.5 0.0034 -0.CJ35 
-97.6 237.0 0.0040 -0.0041 
-60.2 284.3 0.0049 -0,0049 
-91.7 344.7 0.0064 -0.0365 

-183.9 349.0 0.0369 -0aGO72 
-175.6 325.2 0.0065 -0.0062 
-207.4 250.6 3.0342 -0eCO44 
-100.1 111.4 0.0019 -0.0027 
-51.4 -9.2 -0e0002 0.0001 
-39.1 -139.6 -9.0324 0.0024 
-59.6 -299.3 -0.0559 0eGOb6 

-214.5 -371.4 -0.3166 0.0211 
-112.5 -390.6 -0.3155 0.0165 

-87.9 -320.3 -0.3052 0.0051 
-38.0 -171.2 0.0014 -0.0014 

72.5 -39.5 0.0054 -0.0953 
175.2 136.8 0.5080 -0.0080 
i34.4 270.0 5.0099 -0.0098 
217.9 404.3 0.0108 -0.0105 * 
302.6 349.4 0.0069 -0.0065 * 
260.9 233.8 0.0041 -0.0039 
194.3 44.1 Oe00C8 -0.0007 
240.1 -143.4 -0.0124 0.0026 
108.6 -246.9 -0eU342 0.0043 

64,7 -241.1 -5.3341 0.0042 
210.8 -159.6 -0.0027 0.08328 
191.5 -29.7 -0.G334 Oe0006 
296.9 72.3 0.0014 -0.0011 
411.7 113.4 de0021 -0.0318 
260.6 134.8 Oe7019 -0.0317 

d7.5 2.3 0.3301 - 0 a O J O 9  
42.2 -116.9 -0,3020 0.0020 
1‘3.9 -91.5 -0.0516 0,0316 
93.4 22.0 0.30G4 -0eOOG3 

231.1 53,5 3.0013 - 0 * O O C 8  
233.2 0.5 0.0001 0*0301 
180.9 -31.4 -3.0005 6.0006 
105.8 -16.2 -0.0002 0.0003 

32.8 0.3 O e O O D O  -0e.0000 
35.8 -1.7 -0.5003 0.000i-J 

-53.8 -7.3 -3.3302 O . C S 3 1  
-54.3 -7,h -0.3302 0.0001 

-107.4 -6.0 -Ue0002 O e G O G O  
-243.3 -5.9 -0.5302 -0eOOOC 
-280.3 -6.3 -0.9302 -0.0003 
-285.0 -6.6 -0.6392 -0eOO0P 
-24904 -6.7 -3.J3Cl2 -O.OOOn 
-203.2 -6.8 -0eLJG2 0.0005 
-253.7 -7.5 - 0 ~ 0 0 0 2  O e G O C q  
-289.7 -9.5 - 0 . ~ 5 0 3  C e C O O n  
-157.5 -8.6 -0.0362 0.0001 
-189eO -4.7 -0.0032 -Gs0303 
-194.7 -5.5 -0,0302 0 . 0 0 0 ~ ~  

-40-6 38.8 3.9QG6 -0.0607 

71.8 -fl3.2 -0.0’314 i .0015 

-52.0 -40i.O --L).OL18 0.0116 

T I H E =  0.003163 

SUMMARY OF ERRORS FOR T H I S  JJH € R K O R  NUMBER NUYRtR UF t R H 3 Y S  
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B.6.3 Example 3 :  A Mult i layer  Ring with a Tri-Symmetric 

I n i t i a l  Impulse 

A 16-inch I D  2-layer r i n g  with t h e  following cross sec t ion  i s  analyzed 

f o r  t he  t h i r d  example (not t o  scale): 

Material 2 (ou ter  l a y e r )  

I-. B = 2.0 i n .  - 

4 
7- 

L 

.05 i n .  

.20 i n .  

The s t r e s s - s t r a i n  curve of material 1 i s  represented by t h e  following 

s t r e s s - s t r a i n  coordinates  (0,E) : (0 p s i ,  0 i n / in )  ; (40,000, .017) ; 

(80,000, .05 i n / i n ) .  The d e n s i t y  of t h i s  hypothe t ica l  material i s  taken t o  

be 0.00020 ( lb-sec ) / i n  a St ra in - r a t e  e f f e c t s  are included by s e t t i n g  

D = .820E+14 and p = 12 .  i n  Eq. B.3. 

2 4  

The s t r e s s - s t r a i n  curve of material 2 i s  represented by t h e  following 

s t r e s s - s t r a i n  coord ina tes  (0,E) : ( 0  p s i ,  0 i n / i n )  (120,000, -004) ; 
2 4 

(160,000, .010). The d e n s i t y  of material 2 is  taken t o  be .000719 (lb-sec ) / i n  , 
and s t r a i n - r a t e  e f f e c t s  are included by s e t t i n g  D = 40.4 and p = 5.0 i n  Eq. B . 3 .  

The fo rc ing  func t ion  appl ied  to  the  r i n g  w i l l  be descr ibed as 3 equal 

impulses, ac t ing  120 degrees  apart, each d i s t r i b u t e d  over a 25-degree sector 

of the  r i n g  i n  the.shape of a ha l f - s ine  wave, i nc l ined  a t  an angle  of 80° 

t o  the  l o c a l  tangent .  The impulse f o r  each sector i s  chosen to  be 1.0 ( lb-sec) .  
solving Eq. B.4 f o r  VEEZ, using 72 m a s s  p o i n t s  t o  r ep resen t  t h e  total  r i n g ,  one 

ob ta ins  

= 1840 in/sec 
TOTN 

T I  

VEEZ = (2) (RING MASS) (MASSES-1) 

where N = 72 
n 
L Ring mass = 'ITDB ( H  p + H p = .0154 lb-sec 

1 1  2 2  4 i n  
.mSSES-l = 4 ( f i v e  mass s t a t i o n s  comprise a 25-deg sector) 

This i s  the  peak value of t he  sine-shaped i n i t i a l  v e l o c i t y  d i s t r i b u t i o n  t o  be 

7.64 



appl ied t o  3 equi-spaced loca t ions  on t h e  r i n g ,  

The incremental  t i m e  i n t e r v a l  AT t o  be used f o r  t h i s  example w i l l  be 

ca l cu la t ed  by t h e  program by s e t t i n g  AT = 0.0. 

20  cyc les ,  and t h e  t o t a l  run w i l l  be 200 cyc les ,  

P r i n t o u t  i s  des i r ed  every 

The bond between t h e  t w o  l a y e r s  w i l l  be checked f o r  f a i l u r e .  A s s u m e  
2 

t h a t  t h e  u l t ima te  bond shear  stress i s  1000 lb / in  and t h a t  t he  u l t ima te  allow- 

ab le  s t r a i n  i s  3%. 

B.6.3.1 Input  Data 

The va lues  t o  be punched on the  d a t a  ca rds  are as follows: 

Card 1 

Card 2 

C a d  3 

R = +O e 800000E+01 

B = +0.200000E+01 

DELTAT = +0.000000E+00 ( to  be ca l cu la t ed  by t h e  program) 

N = 7 2  

NRING = 2 

14 = 200 

M 1  = 20 

M 2  = 20 

I N D  = 1 ( t h e  bond w i l l  be checked f o r  f a i l u r e )  

Format 

3E15.6 

315 

NSFL(1) = 2 

NSFL(2) = 2 

Card 4 2E15.6 

AFAIL = +O. 300000E-01 

SFAIL = +0.100000E+04 

165 



Card 5a (for t h e  first l aye r )  

Format 

4E15 a 6 

H (1) = +O (. 500000E-01 

RHO(1) = +0,200000E-03 

D (1) = +O. 820000E+14 

P (1) = +Om 120000E+02 

Card 6a 4E15.6 

EPSLL (1,l) = +O. 170000E-01 

SIGIvlA(1,l) = +0.400000E+05 

EPSIL(2,l) = +0.500000E-01 

SIGMA(2,l) = +0.800000E+05 

Card 5b (for the  second l aye r )  

H (2)  = +O. 200000E+00 

RHO ( 2 )  = +O. 719000E-03 

D ( 2 )  = +0.404000E+02 

P ( 2 )  = +O. 5000OOE+Ol 

Card 6b 

4E15 - 6 

4E15.6 

EPSIL(1,Z) +0.400000E-02 

SIGMA(1,2) = +0.120000E+06 

EPSIL(2,2) = +0.1COOOOE-01 

SIGMA(2,2) = +0.160OOOE-t06 

Card 7 215 

IOTA = 2 (sine-shaped impulse d i s t r i b u t i o n s )  

NV = 3 (three local velGci ty  f i l e d s  are to be spec i f i ed )  

C a d  9a 215,2315.6 

MASSES = 5 (5 mass stations form a 25-deg sector) 

!"ISTART = 1 ( t o  be equal ly  spaced, the 3 dis t r ibut ions w i l l  start 

a t  mass stat ions 1, 25, and 49) 

VEEZ = +Oe184000E+04 (peak ve loc i ty )  

BETA = +0.800000E+02 ( i n c l i n a t i o n  angle i n  degrees)  

b 66 



C a r d  3b 
Format 

MASSES = 5 

MSTART = 2 5  

VEEZ = +0 .184000E+04  

BETA = +0.800000E+02 

C a r d  9c 

MASSES = 5 

MSTART = 49 

VEEZ = +O. 184000E+04  

BETA = +0.800000E+02 

C a r d  10  

T h e r e  i s  no subsequent 

forc ing  funct ion.  

TBEGIN = +0.000000E+00 

TFINAL = +0.000000E+00 

At-PlTY = +0.000000E+00 

AMPlRZ = +0.000000E+00 

4 E 1 5 . 6  

T h e  i npu t  d e c k  for t h i s  example problem should look as follows: 
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B , 6 , 3 . 2  

The so lu t ion  output  for t h i s  example is as follows: 

Solut ion Output for  Example 3 
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JET 2 A PROGRAM USED TO C A L r l l l A T F  T H F  RESPONSE OF A FKEF 
C I R C U L A R  M U L T I - L A Y E R F O  R I N G  W l T H  THE F P L L C W I N G  PARAMETERS.- 

R A D I l J C  rlF R I N G  T n  1NNER S I J R F K E  (IN,)  = x.03;ccJ 
W I D T H  OF R I N G  ( IN, I = 7.:’?3(Jc. 
T H I C K N F S S  P F  R I N G  ( I N , )  = L.25:JGrJ 
CENTRDIDAL D I S T A N C E  FRDM I N N E R  SURFACE (IN.)  = 0,141p7 

NLIMRFR OF MASS P n I N T F  USEE I N  THE R I N G  - 7 2  - 

WMRFR ?F ~ A Y E Q S  usm IY R 

NUMRFR DF CONTROL STAT I O N S  

NIJMRFR QF MFCHANICAL SUBLA 
Cf lNTRf lL  S T A T I C N  lF1 L A Y F R  

T H I C K N F S S  n F  L A Y E R  1 

NllMRER OF CPNTRnL  STAT1’3NS 

NG CRCSS SFCTIOPI = 2 

USED I Y  LAYER 1 = 4 

ERS PT E4CH - - 2 

= CleCl5C*3C 

USED I Y  LAYER 2 = 4 

NlJMRFR OF MFCHANICAL SURIBYERS AT EACH 
- CONTROL S T A T I O N  1 N  L A Y E q  7 - 2 

T H I C K N E S S  OF L A Y E R  7 = (I.2Qq)I?A 

T I M E  I N T F R V A L  RASEC ON L A T E R A L  V I R R A T I O N  EQUATION i- J e 2 9 8 C 8 f 3 2 7 E - C 4  
T I M F  l N T F R V A L  R A t F D  ON L n N G I T U D I h A L  V l B R A T I f l M  E Q U A T I O N  = 0 . 3 5 6 1 3 8 9 3 E - ’ 3 5  

TTMF I N T F R V A L  PER CYCLE U S E 0  I N  PRCGRAW 1 S E C )  = ’le 3 2 9 9 9 9 R R E - $ 5  

L O C A L I Z E D  S l N E  SHAPED I Y P U L S E  L f l A O I N G ( S 1  HAS ( H A V E )  BFEM S P E C I F I F O  

THF I N I T l A t  V E L O C I T Y  IFIPtJT I S  45 FOLLOWS.. 

MASS 

1 
2 
3 
4 
5 
h 
7 
R 
9 
10 
11 
1 2  
13  
14 
1 5  
16 
17 
18 
19 
70  
71 
77 
73 
74 
2 5  
26 
7 7  
7R 
79 
30 
31 
72 
33 
74 
3 5  
76  

v 

0 . 4 1 1 7 F  97 
0.7927E 03 
O.RZ’7SE P3 
0 . 2 9 7 7 E  07 
0.4117E 32 
0.0 
0.0 
0.7 

0.0 
0-0 
0.0 

0.0 
% 0 
0.0 
0.0 
0,O 
0.0 
0- 0 
0.0 
0.0 
0.0 
0.0 
0 . 4 7 9 1 F  02 
0,1406E 03 
0,9634E 01 
0 . 7 4 0 6 F  03 
0 ,4791E C7  
0. 0 
0.0 
0.0 
0.0 
o*o  
0.0 
0-0 

rJ a 0 

0.0, 

w DDT MASS V DOT 

37 0 - 7  
38 -.e 
4:’ 2.L 
41 7 , n  
42 O.-a 
43 c.n 
44 r * n  
45 ”.G 

47 r.iJ 
4 8  3 . 3  
40 - C . R 9 C R f  i?  
5 0  -7 .6333E 2 3  
5 1  -@.1791F  3 4  
52 -0.6333E 33 
5 3  -C.R908[: C 2  
5 4  G.(J  
5 5  c. -i 

5 6  r.7 
57 0.9 
5 8  0.2 
59 0.0 
6Q 9.0 
61  @,i? 
62 C.3 
63 0.” 
64 “tan 
6 5  S.L 
56 P.0 
67 n,n 
bR 
69 i3-n 
70 7.: 
7 1  r e ?  
7 7  3 ,r  

39 c e ( J  

46 n.7 

W DOT 

S T A R T I N G  T I M E  PF F f R C I N G  F U h C T I G N  ( S F C )  = rcoli 

STnPPINf ,  T l M F  PF F9KCIYG F l l h C T I f h  ( S E C )  = C.f 
DIJRATI f lN  O F  THF F f P C l N G  F U N C T l O N  ( F E C I  = C.3 
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I 

1 
2 
7 
4 
5 
6 
7 
R 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 R  
1 9  

71 
77 
7 3  
7 4  
7 5  
26  
77  
78 
7 9  
7 0  
71  
37 
37 
34 
3 5  
36  
3 7  

39 
40 
41 
42 
47 
44 
4 5  
46  
47 
4 R  
4 9  
5 0  
5 1  
52 
53 
54 
5 5  
56  
5 7  
58  
5 9  
60  
61 
67 
67  
64 
6 5  
66 
67 
68 
6 9  
70 
71 
77 

20 

3 8  

J= 0 T I M E =  3.r) 
TC!TAL FNERGY TNPUT ( I N e - L R e )  = 1322.718 

K I N F T I C  FNFRGY I I N e - L R e )  = 1322,718 
E L A S T I C  FNFRGY ( IN. -LR. )  = 0 .r 
P L A S T I C  WnRK ( I N a - L R e I  = n,n 

NO FORCING FIJNCTION IS ACTING D l W I N G  T H I S  CYCLE 

v 

0.7551 
1,0677 
1.7627 
7.4483 
3.115R 
3.7595 
4,3746 
4.9565 
5.50Oh 
6.0078 
6.45 94 
6.8668 
7.7719 
7.5771 
7.7659 
7,9489 
E10777 
R e  1341 
R. 1341 
R.3777 
7.94119 
7 .7650  
7,5271 
7.7219 
he R 6 6 R  
6.4594 
6.nn?R 
5,5006 
4.9565 
4.3746 
3.7595 
3.11 5R 
7.44R3 
1.7627 
1.0677 
0.7551 

-0.3551 
-1 -0627 
-1.7622 
-7.44R3 
-3.11 5R 
-3.7595 
-4.3746 
-4.9565 

-6,007 A 
-6,4594 
-6.R668 
-7.7719 
-7.5271 
-7.7650 
-1.9489 
-8.0177 
-A. 1341 
-R. 1741 

-7.94R9 
-7 e 76 5 0 
-7,5771 
-7 77 19 
-6e866R 
-6.4594 
-6.0078 
-5,5006 
-4 .9565 
-4,3746 
-3 -  7595 
-3,1158 
-?.44R? 
-1.7627 
-1,0627 

-5.5on6 

-8.~32 

-ne 3551 

W 

-8 .1341  
-8,0727 
-7.94R9 
-7,7650 
-7.5721 
-7.7219 
-6.8668 
-6.4 594 
-6.OC78 
- 5,5006 
-4,9565 
-4.3746 
-3 .1595 
-3.1158 
-2.4483 
-1,7672 
-1.0627 
-'1* 3557 

0.3557 
1.0627 
1.7677 

1,1158 
3.7595 
4 .3  746 
4.9565 
5.5006 
6.90tR 
6.4594 
6.866R 
7.2219 
7.5221 
7,7650 

8.072? 
R. 1341 
R.1141 
8.0772 
7.9489 
7.765'1 
7.5771 
7.2719 
6.Rh6R 
6.4594 

<.5006 
4.9565 
4.3746 
3.7595 
3.115R 

2.4487 

7.9489 

6.0r78 

2.4483 
1.7677 
1.0677 
0.3 552 

- 0 . 3 5 5 2  
-1.0621 
-1.7622 
-7,44R7 
-3.115R 
-3.1595 
-4.3746 
-4.9565 
-5,5006 
-6.007R 
-6.4594 
-6.R66R 
-7,27?9 
-7,5221 
-7 -7650 
-7,9489 
-R.07?7 
-8. 1141 

M S T R A I N  S T R A I N  LAYER BCND 
1 

q** 



1 

1 
7 
3 
4 
5 
h 
7 
R 
9 

1'7 
11 
17 
13 
1 4  
15 
16 
17 
1 R  
19 
7 0  
71 
77 
2 7  
7 4  
7 5  
7 6  
7 7  
7 R  
7 9  
30 
31 
37 
3 3  
1 4  
3 5  
7 6  
3 7  
3 R  
3 9  
40 
41 
42 
4 3  
44  
45  
46 
47 
4 8  
49  

51 
57 
5 3  
54 
55 
56 
57 
5 R  
59 

61 
67 
6 3  
6 4  
h5  
A6 
67  
6 R  
69  

71 
77 

50 

hn 

7 n  

.I= 5 T I M E =  OeP@0Qlh5 
TnTAI FNFRGY INPLJT ( I N . - L R . )  = 13770718 

K I N F T I C  ENFRGY ( I N e - L R . )  = l"22.071 
F L A S T l C  FNERGY ( IN,-LR. 1 = 322.50R 
P L A S T I C  WORK ( I N s - L B e )  = -21.367 

NI! FORCING FUhlCTI'lN I S  ACTING DURING T H I S  CYCLE 

V 

0.3579 
I .@611 
1 e 7691 
7.4521 
1.1165 
3.76q7 
4. -4753 
4.9566 
5.5006 
h.0P78 
6.4594 
6.  R 6 6 R  
7.7719 
7.5771 
7.7650 
7.94R9 

8.1141 
R. 1341 
8.9722 
7 ,  91R9 
7,7649 
7.5713 
7 -23  04  
6.R661 
6.4658 
6.0212 

4.9575 
4.3 149  
7-75RR 
1.11 56 
2.44R3 
1.7677 
1.0677 
0.3551 

-0.355 I 
-1 -0677  
-1.1677 
-7.44R3 
-3,115R 
-3.7595 
-4,3146 
-4.9565 
-5.5006 

-ha4603 
-6.9677 
-7.2740 
-7.5379 
-7.1903 
-7.9607 
-8.0140 
-8.1342 
-R-  1341 
-Re0772 
-7.9489 
- 7 e 7 65 13 
-7.5771 
-1,7719 
-6. R6hR 
-h,45 94 
-6.0078 
-5.5006 
-4.95 65 
-4.3746 
-3.7595 
-3,1158 
-7.4482 
-1,7617 

4 , 3 5 7 7  

8.0772 

5 . 5 0 ~ 1  

-6.0n31 

- i . n h i o  

w 
- ~ , 1 3 5 n  
-R.OR?l 
-7,9741 
-7.7759 
-7.5717 
-7,7716 
-6. RE64 
-6.4593 
-6.nr2R 
-5.5006 
-4.9565 
-4.7746 
-3.1595 
-3.1158 
-7.44R3 
-1.7627 - 1.0671 
-0.1552 

c.3557 
1.0627 
1.7623 
2,4488 
3.1173 
3.7615 
4.3774 
4.9657 
5.5191 

6.4608 
6.8672 
7.2723 
7.5722 
1.76512 
7.9489 
8.Q772 
R.1341 
P. 1341 
R.0772 
7.9489 
7.7650 
7.5221 
7.2219 
heR66R 
6.4594 
6.302R 
5.50c7 
4.95513 
4.3774 
3.7576 
3.1169 
7.4550 
1.7644 
1,0629 
O e  3 544 

- 12067 9 
-1,7623 
-2.4483 
-3.1158 
-3.7595 
-4.3746 
-4.9565 
-5a50Cb 
-6.037R 
- 6 e 4 5 9 r  
-6.RbhR 
-7.7719 
-7e5 77 1 
-7,7651 
-7.9490 
-Ron723 
-8.1238 

6.01 15  

-0.3 560 

LAYER B O N O  
1 2  1 

5 
5 

5 
5 

5 
5 



I 

1 
7 
3 
4 
5 
6 
7 
8 
9 

10 
11 
17 
13  
14 
15  
16 
17 
18 
19 
7 3  
71 
77 
7 3  
24 
7 5  
7 6  
7 7  
7R 
79 
30 
31 
37 
33 
34 
3 5  
36  
37  
38  
39  
40 
41 
4 2  
4 3  
4 4  
4 5  
46 
47 

49 
5 0  
51 
57 
53 
54  
55 
56 
57  
5R 
59  
6C 
61 
67 
6 3  
6 4  
6 5  
66 
6 7  
6 R  
6 9  
7 0  
71 
77 

4 8  

J= 20 T l M F =  0.3COrt66O 
TOTAL ENFRGY INPUT ( l N e - L U * l  = 1372,718 

K I N E T I C  ENEPGY ( INe -LR.  1 = 775.659 
FI A S T I C  FNFKGY (JN,-LR, 1 = 677.837 
P L A S T l C  WORK t I N e - L R , )  = -70,768 

NO FORCING FUNCTJOY TC ACTJNG DURlNG T H I S  CYCLE 

V 

0. 3658  
1.0752 
1.7762 
7.4608 
3.1194 
7.7523 
4,3663 
4.9511 
5.4977 
6.0005 
6,4575 
6.8654 
7.27 09 
7.5212 
7.7643 
7.94 76 

0.1716 
R,1306 
8.0674 
7.9479 
7,7568 
7.5089 
7.7107 
6.8767 
6.4916 
6.0410 
5.5349 
4.9745 
4.3781 

3.11 8 6  
7.4507 
1.7635 
1,0635 

-0.3 5 57 
-1 e 0 6 4 1  
-1.7641 
-7.4509 
-3.1 1 R 8  
-3.7620 
-4.37R7 
-4.9631 
-5.5034 
-6.0038 
-6.4565 
-6.8656 
-7.2473 
-7.5667 
-7. R 17 1 
-7.9956 
-R.0939 
-8.13O4 
-A.  1777 
-R.0697 
-7.0479 
-7,1640 

-7.7707 
-6.Rb51 
-6.4571 

-5.4967 
-4.9517 
-4,7688 
-3 7 5 2 4  
-3,1074 
-7.4396 
-1,7531 
-1 * e 5 2  5 

fl.0704 

3.761n 

n.3553 

-7,521n 

- 6 . n w n  

-n. 3448 

W 

-8.1517 
-0.1167 
-8.9010 
-7.8118 
-7.5450 
-7.2717 
-6.8637 
-6.4596 
-6.0076 
-5,5001 
-4,9563 
-4.3740 
-3.7582 
-3.1137 
-7,4456 
-1.7585 
-1.0582 
-0.3499 

0.3613 
1.0697 
1.1690 
2.4543 
3.1701 
3.7649 
4,3974 
4.9892 
5.5386 
6.0770 
6.4740 
6.86Q5 
7,7132 
7.5176 
7.7625 
7.9470 

R .  1776 
A.  1376 

7.9466 
7.7621 
7.5183 
7.7171 
6.8606 
6.4518 
5 * 9947 
6.4904 
4.9479 
4.3617 
3.7597 
3.1273 
2.4673 
1 e 7749  
1.0711 
0.3613 

-0.7495 - 1 0 5 A C  
-1.75R9 
-2.4463 
-3.1147 
-3.7586 
-4,3744 
-4.9'67 - 5 e 5 0 1 9 
-6.0076 

-6,8677 
-7.2219 
-7,5715 
-7,7633 
-7.9447 
-8.0639 
-A,1765 

~ . o i n 5  

a.07n4 

-6,4601 

N M S T R A I N  

4617.7 121.1 7.0039 

4284.4-1175.6 -7.3035 

4774.9 -79.1 .1eC'f04 

6831.1 6q5.1 ',.SG77 
13425.3 -284.6 fi.9071 
19783-C! -242-7 O~PP'12  
21759.9 -133.7 3.0r.17 

7956.1 -48.1 LIe qC.36 
1CQ33.7 -75.1 > . ? f C S  
13637.1 -92.C "."CLl 
130?4.7 -A6.5 $ . C , i t l D  

15hbl . l  -1.14.8 
11653.4 -8C.2 
12026.9 -84.3 0.0C59 
15647.7 -101.2 O.3C12 
16087.4 -98.5 0.F013 

-811.7 -102.7 -@.9@04 
-2314.6 -220.9 -0.0010 

2157.0 584.C Or'lC822 
3141.1 1987.4 q.3670 
5303.6 147.6 ? . G G l f l  
2 771.6- 1 h64.0 -". OD54 
4P16.5-1183. @ -C.7035 
1999.1-1741.7 -3.CU57 
5151.2 -3l.S 0.0004 
3446.5 1920.5 3.r058 
7045.2 603.8 C.i)028 

1U571.9 -285.5 5.7OG1 
1998'3.7 -743.3 7.0012 
21425.2 -134.1 1'.?917 

7997.6 -48.1 C.0096 

17648.5 -92.1 0.OC11 
13F41.7 -8696 O . O @ l O  

98AR.1 -69.7 ?.')PO8 
1566?.2 -104. @ O.GO12 
11654.1 -80.2 0.00C9 
12077.3 -84.3 9.0009 
15647.7 -171.1 '?.OF12 
16C87.3 -9815 3.0013 
-81 3.7 -10297 -GrP004 

-7314.5 -230.C -0.0010 
2157.C 5A4.P O.t222 
3141.1 1987.4 @.007G 

7771  -7-1 664.0 -t. OG54 
4R16.8-1183.8 -0.Ft-35 

5151e2  - 3 l . C  O.OC'(14 

( I N 1  

i h ~ 3 . 7 - ~ 6 6 0 , 4  - 0 . 0 ~ 5 4  

1538.3-1734.2 -n.oc'57 

3154.9 1922,* r.9rfha 

9 ~ ~ 4 . 7  -69.6 - , n n c ? ~  

1 0 ~ 5 4 . 1  -75.2 q . 0 ~ 0 9  

53'17.6 147.6 n.mio 

1 9 9 ~ . ~ - 1 7 4 1 . 7  - 0 . 0 ~ 7  

7 0 4 5 - 0  603.8 ?,nc82t3 
7446.5 lQ70.5 3 .  GO68 

l i1571rl  -2A5e5 3.0nCl 
19R78+5 -243.3 n.?C!12 
2141703 -134-1  33ePO17 

7CJt78,l -48.1 9,'lCTh 

13634.3 -92.2 D . C C 1 1  
17317.7 -P6.4 O.'lJ1" 

9 7 0 4 - 9  -69.4 c)eOC.CE 
15595.8 -104e 3 0."?12 
1 1549.1 -79.5 cI.cICC9 

15471e7 -99-6 'JaP(112 

1 3 9 4 5 . ~  -75.2 c..+niw 

11869.6 -83.3 0 . ~ ~ 9  

15778.1 -96.1 ? , n c i 3  
- 1 2 3 ~ ~ 9  -113.t -3.0r35 
-P804,6 -227.4  - O . ! T 1 0  

15Q5.5 584.9 ".0021 
2531,3 7C19.7 n.0071 

17 2 

LAYER RCND 
1 2  1 

5 
I; 

5 
5 

5 
5 



I 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16 
17 
1 R  
19 

21 
7 7  
27 
7 4  
7 5  
26  
7 7  
7 R  
2 9  
30 
7 1  
3 2  
7 3  
7 4  
3 5  
3 6  
3 7  
3 8  
3 9  
40 
41 
4 2  
47  
44 
4 5  
46  
47  
4 8  
4 9  
5 0  
51 
57 
53 
5 4  
5 5  
56 
5 7  
5 R  
5 9  
6 0  
6 1  
h7 
6 3  
6 4  
6 5  
66  
6 7  
6R  
6 9  
7 0  
7 1  
7 7  

7 n  

.I= 10 T I M E =  0.T103199C 
T O T A L  FNEKGY I N P U T  ( I N e - L R , I  = 1322.718 

K l N F T l C  ENFRGY (IN,-LR. I = 195.358 
E L A S T I C  FNFRGY (IW.-LR, 1 = 5R3S.715 
P L A S T I C  WORK ( I N . - L B . l  = -53,355 

Nfl FORCING FUNCTION I F  A C T I N S  ! ) U K I Y G  T H I S  C Y C L F  

v 

0,3704 
1 e 019A 
1.7813 
7.4661 
3.177R 
7.7589 
4.3616 
4.9434 
5,4927 
5.9964 
6.4576 
6.R599 
7.71 59 
7.5151 
7,7577 
7.941 1 
A.063R 
A. 1249  
8.1241 
8.0618 
7.9357 
7.7430 
7.4971 
7.2 1 7 3  
6.886R 
6.4955 
6.046R 
5.537A 
4.9813 
4.3836 
3.7562 
3.1178 
2.4479 
1.7623 
1,0626 

-0,7555 
-1.0637 
-1,7677 
-7.4488 
-7 .  I I 6 1  
-3.7597 
-4.3745 
-4.9563 - 5.4987 
-5.9947 
-6.4501) 
-6.8764 
-7.2569 
-7.5750 
-7 .  R278 
-R.0036 
- R , l O A A  
-A .  1477 
-8 , I I  7 5  
-R.056!3 

-7,1585 
-7.5151 
-7,7141 
-6.8596 
-6,4570 - 5,9951 
-5.497 5 
-4,9479 
-4.3655 
-1.7499 
-7,1059 
-7,4373 
-1,74R6 
-1*0474 
-0.7417 

0.3549 

-7.9404 

W 

-R.1665 
-R.1741 
- R . O l G ?  
-7.91R7 
-7.5516 
-7.7318 
-6.8552 
-6.4487 
-5,9976 
-5,4968 
-4.9522 
-4.3707 
-3.7550 
-3.1111 
-7.443 5 
-1,1572 
-1.0574 

0,3608 
1.0685 
1.7677 
2.4517 
1.1197 
3.7732 
4.4035 
4,9967 
5.5476 
6.0445 
6.4R73 
6.R710 
7.2047 
7.5C51 
7.7555 
7.9413 
R.0642 
8.1259 
8.1759 
R,0638 
7.9401 
7.7558 
7.5177 
7.2112 
6.8553 
6.4475 
5.9887 
5.4798 
4.9770 
4,3638 
7.76.74 
3,1270 
7.4629 
1,7776 
1.0703 
fl. 16C9 

-0 -3  494  
-1,056R 
-1.7578 
-2 e 4444 
-1.1118 
-3.7556 
-4.37n7 
-4,9576 
-5.4965 
-5 -9985 
-6.4547 
-6,R615 
-7,7161 
-7.5161 
-7,7565 
-7,9316 
-8,0523 
-8 1368 

-n.3496 

LAYER B' INF 
1 2  1 

5 
5 

T 

5 
5 

T 

5 
5 

T 



I 

1 
2 
3 
4 
5 
h 
7 
8 
9 

10 
1 1  
17 
13  
14 
15  
16 
17 
1R 
19 

7 1  
7 2  
7 3  
2 4  
7 5  
7 6  
7 7  
2 R  
7 9  
30  
31 
37 
33  
34  
1 5  
7 6  
37  
7 8  
39 

4 1  
4 2  
4 3  
4 4  
4 5  
46 
47 
4 A  
4 9  
50 
51 
57 
5 3  
54 
55 
56 
57 
58 
59 
60  
61 
6 7  
6 1  
6 4  
65 
66 
6 7  
hf! 
h 9  
7 3  
7 1  
77 

7 0  

40 

J= 40 T I M F =  f.’1.1OtC137-? 
TOTAL ENFRGY I N P U T  I IN. -LB. )  = 1322.71h 

K l N E T l C  ENFRGY f TN.-L% I = R1.??.475 
E L A S T I C  ENFRGY ( I N . - L R ,  1 = 5i9.72C 
P L A S T I C  WORK IIN.-LR.) = 7,022 

NO FORCING F l l k C T I f l N  I S  BCTING OUHlNG T H I S  CVCLF 

V 

0,3777 
1,0814 
1.7R15 
7,4664 
7.1772 
3.7605 
4,361 1 
4.9713 
5.4788 
5.9894 
6.4475 
6 ,  R535 
7.2086 
7.5089 
7.7514 
7.9341 

R.116R 
R.1170 
R.052n 
7.9155 
7.7239 
7,4980 
7.7717 
6.R885 
6.4981 
6.0463 
5.541 9 
4.9R65 
4.3913 
3.7629 
7.1106 
7.4457 
1.7627 
1,0631 

-0.1555 
-1,063R 
-1 - 7 6 3 9  
-7.4495 
-3.11 h2 
-3.7590 
-4.3744 
-4.9542 
-5.4894 - 5.9860 
-6.4560 
-6.RR44 
-7,?60R 
-7.5797 
-7, R776 
-8.0081 
-8.11 35 
-Re 1509  
-R,123R 
-8,041R 
-7.9739 
-7-7 51 6 
-7.5106 

-6.8531 
-6.4457 
-5.9876 
-5e4P.47 
-4.93 99 
-4.3 579 
-3.742R 
-7.09RO 
-7,4764 
-1  e7340  

-1-3 373 

13.0559 

0.355s 

-7,2090 

- 1,041 9 

U 

- R e  1701 
-Re1788 

-7.8234 
-7.5634 
-7.241 1 
-6.8679 
-6.4389 
-5.91366 
-5.4927 
-4.9499 
-4.7672 
-3.751 1 
-3.1 C66 
-2.43 87 
-1  a 7570  
-1.0526 
-0.745 5 

0.3660 

I. 7687 
2.4574 
3.1759 
3.7801 
4.4Q7n 

5.5477 
6.0474 
6.4P97 
6.8766 
7.7081 
7.489R 
7,7178 
7.9331 

-8,0107 

1.0719 

5.0001 

8.0585 
8. 1187 
8.1187 
8.0561 
7.9370 
7.7471 
7.5029 
7.2071 
6. R 4 7  1 
6.4373 

5.4627 
4.9305 
4.3642 

7.1276 
2.4625 
1.7758 
1.0737 
0.3646 

-0,3451 
-1.0509 
-1.7511 
-7-4407 
-3.1 C P 4  
-3.7517 
-4.3669 
-4.94$3 
-5.4936 
-5.995r 
-6.4503 
-6. R566 
-7,2171 
-7.51197 
-7e73Q6 
-7,9155 
-Ra0557 
-R,143R 

5,. 9738 

3.7622 

N M S T Q A I N  STQAIN 
I I N I  I f lUT)  

-4459-9 -459.9 -3.9011:: i:,’J)fjOR 
-3782.9-1316.1 -3.0P48 G e C 5 2 R  
-5108.1 -738.5 -0.OU3C 0.0914 
-2433.1-1749.5 -C.0045 s?.;‘Ct27 
-4073.8 -53?.9 -n ,c( i22 c.oo1c 
-2649-5  -1qOel -O.??n9 0.9073 
-2529.4 6”7.4 ?.no18 -C.7716 

754.8 2226.5 0.5076 - f .0’)52 
-3733.2 572.7 9.3016 -9,0”16 

3096.3 -870.4 -q.C1076 Q.0323 

-2711.5 116.7 C.GOC1 -D.CTiOS 
14152e3  -56.1 QeOC12 7.(’311 

13796.2 -114.7 ’le?cilL\ 0.0912 
-3777.7 -9.5 -3.0cri4 -0,3002 
-5585.  R 73.  ? -0.00’33 -C. 0005 
-9971.3 169.4 -J.”OC4 -P.C911 
7113.R -319.2 - C e 0 D C 8  ‘?.0010 

-4885.4 -R53.C -f.’3034 {-1.3317 
-6328.6 498.5 0.0619 -Li.O016 

-732.4 2256.6 3.0C75 -C.@O53 
-6149.7 740.4 0.9019 -@e0922 
-3907.n -77 .R -9.0037 -0.(’901 
-4753.0 -370.4 -0.OF17 C.O(fO5 
-4033.3-1275.3 -0.OCs46 0.0026 

-2997.0-1 760.8 -0.O046 0.0028 
-4765.4 -537.4 -9.0027 C . C O l n  
-3095.9 -190.6 -3.W10 0.0002 

1226.0 -374.7 -3.3010 3.wc.e 

13056.2 -116.7 ce.3cc9 o.cni2 

-5377.0 -774.1 -0 .0~32  7 . ~ 0 1 4  

-3069.R 63?. R 0.9017 -0.?016 

-4347-4  578.2 0.0015 -3.’?017 
2390.r1 -865.3 -0.0027 3.0’322 

497.P -32q.8 -9.nC10 C . > D D R  
-3359.6 125.4 o.flo’j1 -0.?.305 
13643.4 -52.5 C.CC12 9.t??ll 
12699.7 -114.G C.3009 0.0011 
13192.4 -113.6 O . P O 5 9  0.?012 
-3256.2 -9.5 -9.3004 -3.2392 
-5454.7 69.3 -;).-’C33 -O.C‘3n5 

3452.6 -221.6 -0.Oi‘37 0.0010 
-4509.C. -855.1 -0.1033 3.0(?17 
-5961.0 496.2 3 -CCl l  -0.COl6 

-416.R 7251. R G.5976 -0.G353 

-3790.9 -75.2 -0.3036 -3.3301 
-4761.6 -370.1 -3.0C17 O.ri005 
-4167.0-1224.4 -0.OC46 C.7926 
-5612.8 -772.7 -C.I)C.37 C.’?Ol4 
-3324.9-1259.0 -0.0046 P.0027 

-3697.7 -1R9.3 - 0 e O O l P  O.C*’302 
-3431.6 606.7 0.Q017 -C.0017 

-556.3 2735.C 3epJd75 -0.0053 
-4467-  6 577.7 3eOC15 -0.0017 

2434.5 -866.5 -P,C,O27 3.0022 
677.4 -321.4 -b.OGIS G.0008 

-3C94.h 119.t C . O C 0 1  -9eCJi05 
14735.7 -55.4 ?=GO12 C‘.nC11 
13759.7 -117.5 .).n<1c9 fl.fl012 

-7668.5 -13.4 -n.0003 -0.OC102 
-4844.q 65.6 -5e9QO3 - Z e C . @ O 5  
-9113.5 166.5 -0.0004 -C..001@ 

3935-6 -323-0  -ne0007  ?.?01@ 
-4947,O -864,6 -000033 >,0?l&! 
-5611.5 476,C 3.0010 -Co?O15 

-75.5 2203e3  0.0074 -0.0052 
-5604.1 825.2 OePC22 -Oe!?C23 
-7461.4 12.8 -0*0Ct’3 -Cf,cjrP3 

174 

-287.7 2731.0 r.0075 -c.r.n53 

- ~ 6 6 ~ . 9  167.5 - 0 . w ~ ~  - 0 . ~ 1 1  

-5921.3 739.0 0 . 0 ~ 1 9  -r..m21 

-4755.1 -535.1 - 0 . ~ . ~ 2 7  c.(’3os 

137(17.‘1 -117.3 ‘ ~ c w i c  o.r.012 

L A V E R  90NO 
1 2  1 

5 
5 

T 

T 

5 
5 

T 

T 

5 
5 

T 

T 



1 

1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12  
1 3  
14 
1 5  
16 
17 
1 8  
19 
70 
21 
7 7  
2 3  
7 4  
7 5  
7 6  
7 7  
28  
7 9  
30 
3 1  
37  
3-4 
34 
3 5  
7 6  
37  
3 R  
39 
40 
4 1  
4 2  
4 3  
44 
4 5  
46  
47 
4 8  
4 9  
50 
5 1  
5 7  
5-4 
5 4  
5 5  
56  
5 7  
5 8  
5 9  
60 
6 1  
63 
6 3  
6 4  
6 5  
66  
6 7  
6 8  
6 9  
70 
71 
7 7  

J= 60 T I M E =  0.00CIS80 
TOTAL FNFRGY I N P U T  ( IN.-LR.1 = 1?77.71@ 

K I N E T I C  FNFRGY ( I N . - L B e I  = 665,879 
E L A S T I C  FNERGY (Ihl,-LH. I = 703.615 
P L A S T I C  WORK ( I N . - L R e )  = -46.777 

NO FORCING F I INCTION I S  A C T I k G  DURING THIS CYCLE 

V 

0. 3787 
1 e 0867 
1 a 7861 
7.4713 
1.1327 
3.7661 
4.7666 
4 ,9374 
5,4647 
5,9670 
6.4291 
6.8487 
7.20 1R 
7.4960 
7 ,7364  
7.9705 
R.0482 

R.0935 
8.0135 
7.8977 
7.7774 
7,5047 
7.7305 
6.8949 
6.5'119 
6.0494 
5.5458 
4.9S24 
4.3991 
3.7700 
3.1148 

1.7546 
I .OS89 
0.3537 

-0.3557 
-1.0620 
-1 e 7 6 0 4  
-7.4460 
-3.1 143 
-3.7578 
-4.363A 
-4.93 5 3  
-5.4819 
-5,9931 
-6.4687 
-6.8987 
-7,7730 
-7,5880 
-7.8352 
-8.01 6 R  
-8.1753 
-8.1654 
-8. 1368 - 8 ,0473 
-7.9068 
-7.71 67  
- 7 - 4 A A t  
-7* 7 0 7 4  

-6.4349 
-5 -9760  
- 5.4744 
-4.9318 
-4,1579 
-3,7799 
-7 D 0787  
-2,4114 
-1 -7291 
-1,0356 
-0,3319 

8.11 n6 

7 ,447n 

-6.8462 

W Y M S T R A I N  S T P A I N  
( I N )  ( "UT)  

-8.1799 -120,7.2 -535.C -C,3019 C.riOl2 
-8.1344 -13776.2 -R25.3 -0*r1041 QeOP10 
-8,0170 -11750a8 -617.7 -0eOC32 Oer?OC;7 
-7,8314 -6033.9-1200.6 -0.0047 '3,0@24 
-7.5735 -562h.7 -468.4 -3,0022 ?.fa07 
-7.2539 -15C33.7 -471.C -3.0031 O , G O r ? l  
-6.8744 1246.7 6l.R O.r)003 -0e5001 
-6.4445 7C81.3 858.7 9.3031 -Oe'7'319 
-5.9749 -9398.6 11705- 1 0,0024 -Gab030 

-4.9346 -19399.7 174. C -1.0014 -3.0917 
-4,3625 -11998.5-1427.$ -0.0960 0.0926 
-3.7473 -14853,5 -315.e -C.0@76 - ? , O w 0 3  
-3,1014 -1Oe62.9 405.1 0.0CG3 -C.+317 
-7,4338 -13054.5 314.E -0.OOC.3 -G,O@16 
-1.7484 -10650-9  425.4 0.C004 -0.C.317 
-1,0505 -12486-R -274.6 -0.0022 -C.COlj2 
-0,3436 -8714e0-14R5at  -0.0059 O.CO29 

1.0722 3G17.5 1773.6 0.0063 -C..0040 
1.7770 -3732.7 1PJ8.3 3.0031 -C..C(r26 
2,4616 -1846a4 1C38.1 OeC033 -0.C026 

-5.4683 -964.).0 1903.5 3.0055 - C . O C ~ I  

0.3661 -8575.3 -37.c -9.0~10 - c . cm5  

3.1367 -14876.7 313.6 -3 .0~34 -?.nr)i~ 
3.7913 -13619.4 -453.7 - 0 . 0 ~ 2 9  ;.ocgi 
4,4172 -648.3 -471.7 -0.OC17 5aCOlI 
5aOD80 -12641.3 -973a2 -9.0046 0.3014 
5.5547 -10701,2 -545.e -0.3029 r?.C005 
6.0551 -5311.7-1075.8 -9eCC142 0.0322 
6.4999 -5001.9 -554.6 -0,9024 i . G ! l l C  
6.8888 -14544.9 -520.5 -0,'if.37 C."CO2 
7.21R9 1582.8 71.9 0.0004 - C e " c l P l  
7.4938 2712-7  P67.R 9.3032 -'3.@@19 

7.8974 -9906.7 1906.C '3.9054 -'3i.C1i'52 
8.0351 -1G721.9 171.5 -3.0914 -0.9018 
8.1124 -11$55.7-1477.0 -0.?360 OeC'O25 
8.1106 -15294.7 -310.6 -0.9026 -C.t'?03 
8.0425 -11192*4 407.8 O.nP02 -"e0017 
7.9169 -13184. I 714 .6  -0.OPC3 -C;a0916 
7.7336 -10617.9 425.7 C.3004 -C.0017 
7.4952 -12251.5 -273.q -r?.0027 -0.0002 
7,1958 -7Rk39.2-14R8.8 -0,3058 C.7'?30 
6.8262 -8116.3 -45.1 -9 . ?ClO -C.COC.5 
6,4038 3626.6 1770.2 0.2063 -i."339 
5.9492 -2685.6 1911eO C.3031 -5.9026 
5.4570 -1474.3 1036.3 11.0034 -0.C.025 
4.9305 -14436.2 307.6 -0.9t.04 -?e0017 
4.3661 -13419-9  -456.6 -0.0029 C).C302 
3.7625 -6Rrl.l -470.3 -!?.GO17 f . 2 ~ ~ 1 1  
3.1267 -1776R,3 -971.6 -3.SO46 ?e.0014 
7.4615 -1098107 -545.0 -0.2930 
1.7753 -5R'77.3-1074.R -O*@O42 
1.0736 -5599.4 -550.4 -3,0024 
0 ,3654 -15159.3 -511.? -@.PO33 

7.7700 -9461.0 i 1 ~ 2 . 0  9.0025 -13.~33~ 

-0,3445 i n 5 9 . ~  76.9 n.;j(?,74 - 
-1,0493 187R.6 8h7.4 0.C2331 -?."'?I9 
-1,7451 -9647.7 1C08.3 iJ.QO24 -0.0330 
-2.4791 -9847.5 lQr)4.!? 9.0054 -Qe?n5l  
-3,1C04 -19472.4 174,4 -0.QC14 -0.3n17 

-4,3633 -14759.9 -316.3 - 3 e O C 2 h  -Cf.Cflc3 

-5,4830 -12b61.5 311.7 - O a i ) O C 2  -0eC316 
-5.9851 -13755.2 425.1 3eP004 -?a"317 
-6.4447 - 12O71.7 -26R. 6 -0.OP71 -C, . i~f lCZ 
-6.R524 -7953.1-1474.C -3eOC.58 5*9@2S 
-7.1926 -8'8haS -92 -7  -GOOC11 -f,e(.91;& 
-7,4761 7145.5 16R9.5 Oe1)@60 -Cab1337 
-7.7703 - 3 2 5 7 e 2  1140.7 0,0035 -cIa?i?29 
-7,9179 -7G33,5 1117sC S.9C36 - - 7 e q C 2 P  
-8.0676 -15rR7-'3 l67.? -Jef i tql '?  -Pa''Q14 
-R,1572 -14'?17,4 - 3 R 1 ,  5 -O,.?C27 -Ce3701 

-3 $ 7 4 9 8  -1 1555.7-1 42 7.4 - 3 .  ;I"> :: .C 226 

-4,9410 -1064q. I w 2 . t  L O P C ~  -c.c017 

17 5 
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I 

I 
2 
3 
4 
5 
6 
7 
R 
9 

11 
17 
I ?  
1 4  
15  
16 
17 
1 A  
19 
7 0  
21 
77  
7 3  
7 4  
7 5  
7 6  
77 
7 R  
7 9  
30 
31 
37 
33 
3 4  
3 5  
36 
37 
7 R  
39 
40 
41 
47 
47 
44  
4 5  
46 
47 
48  
49  
5 9  
51 
57 
53 
54 
55 
56 
57 
58  
59  
69 
6 1  
6 2  
6 3  
6 4  
6 5  
66 
6 7  
6 8  
69  
70 
71  
7 9  

i n  

J= 80  T I M E =  Oe000?64n 
TnTAl  ENERGY I N P U T  ( IN . -LR. )  = 1322.718 

K I N F T I C  ENERGY ( I N e - L R , )  = 911.298 
E l  A S T I C  ENFRGY ( IN.-LR.)  = 468.064 
P L A S T I C  WnRK ( IN.-LR.1 = -56,645 

NO FORCING FUNCTION IS ACTING O U P I W G  T H I S  CYCLF 

v 

0,3832 
1 0937 
1 7949  
7.4R02 
3.1424 
3,7770 
4.33767 
4.940R 
5.4687 
5.95 A4 
6-41 51 
6,87R6 
7.1961 
7.5055 
7.7491 
7.9706 
R.0417 
R.OR63 
8,0744 
A . O O R 6  
7.89R1 
7.7361 
7.5193 
7.245C 
6.9986 
6.51 43  
6.0605 
5.5561 
5.n@27 

3.7R05 
3.1246 
7.4492 
1 -75R6 
1.0591 
0.1577 

-0.3576 

-1.7651 
-2,4507 
-7.11 3 4  
-3.7494 
-4.3589 
-4.97R1 

4.4~196 

-1.0655 

-5.49n9 
-6,n093 
-6.4R67 
-6.9174 
-7.2919 
-7,6fl77 
-7,8553 
-Re0361 
-8-  1447 
-8.1862 
-A,  1575 
-Re0660 
-7.9175 

-7.4743 
-7 e 1 8  1 3  
-6aR386 
-6.4399 
-5-9R3R - 5,4RO? 
-4.92 A6 
-4.3371 
-3.71 51 

-7.4070 
-1 e 7767 
-1.0338 
-0,3279 

-7,71 70  

-7 a n695 

W 

-8.1984 
-R,l519 
-8.  0347 - 7.84 76 
-7,5914 
-7,7731 
- h .  Rq77 
-h.4604 
-5.9857 
-5.4709 
-4,9768 
-4.7457 

-7,1079 
-2.43 57 
- 1.7493 
- 1  -0478  
-0.3397 

G.3714 
1 .@7R5 
1.7R02 
7.4724 
3.1489 
3. A045 
4.4711 
5.0275 
5.5715 
6.0716 
6.51 65  
6.9067 
7,236A 
7.5097 
7.7783 
7.8956 
8.0191 
&OAR7 
8.1029 
A.3515 
7 - 9 2  89 
7.1474 
7.4082 
7.1 726 
6.8071 
6.7959 

5.4633 
4.9373 
4.3720 
3.7674 
3.17Q7 
7,4677 
1 -7758  
1.0747 
0,3654 

-0*3444 
-1.0489 
-1.7431 
-7.4147 
-3,0977 
-1.77R9 
-4,361 1 
-4,9445 
-5,4910 
-5.9934 
-6.44 1 C 
-6.8337 
-7.1775 
-7,4736 
-7.779R 
-7.9359 
-8 e OR77 
-R,17hR 

-3,7418 

5.9499 

LAYER K I N 3  
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1 

1 
7 
7 
4 
5 
6 
7 
R 
9 

10 
11 
12 
1 3  
1 4  
15  
16 
17 
1R 
19 
20 
21 
7 2  
2 3  
74 
7 5  
7 6  
7 7  
7 8  
7 9  
7q 
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
4 0  
41 
47 
43  
44  
4 5  
46 
47 
48  
49  

51 
5? 
57 
54  
55 
56 
5 7  
5 8  
59  
6fl 
6 1  
67 
67 
6 4  
65  
66 
67 
68  
6 9  
7 0  
7 1  
77 

517 

J= 97 T I M E =  0.0003036 
TflTAL ENERGY I N P U T  ( I N e - L R e )  = 1322.718 

K I N E T I C  ENFRGY ( I N . - L R , )  = 455.517 
F L A S T I C  ENERGY ( INS-LR. )  = 878,748 
P L A S T I C  WORK f I N . - L 9 . )  = -11,947 

NO FORCING F U N C T I O N  I S  ACTING OURING T H I S  CYCLE 

V 

0.3864 
1.0957 
1 79h2 
2.4R15 
3.1453 
3.7795 
4.3807 
4.9455 
5.411 5 
5.9677 
6.4103 
6.8180 
7.1838 
7.5CIAb 
7.76RR 
7.9335 
R.0770 
8.0723 
8.0679 
R.0137 
7,9027 
7.7477 
7.5755 
7.7507 
6.91 51 
6.5700 
6 - 0 6 ~ 5  
5,5636 
5.0110 
4,4164 
7,7880 
3.1373 
2,4557 
1.7642 
1.0677 

-0 e 35 R3 

- 1.7 77 5 
-7.4578 
-3,1106 
-7.7474 
-4.3606 
-4.9477 
-5.5000 
-6.01 95 
-6,4968 
-6,9267 
-7.301 5 
-7.61 54 
-7,8649 
-8.0450 
- R e  1556 
-R.1957 
- 8 ,  1683 
-8,07R 1 
-7.9214 
-7 .7265 
-7,4721 
-7,1714 
-6.R755 
-6.41 91 
-5 -9963  
-5.4R03 
-4.91 6 5  
-4,3744 
-7.7070 
-7,0657 
-2.4077 
- l m 7 7 7 5  
-1,02R8 
-0,773 7 

n, 7534  

-i.n697 

W 

-8,7081 
-8.161 3 
-8.3433 
-7.R5hR 
-7,6C76 
-7.2P73 
-6.9039 
-6.4727 
-5.9938 - 5.4794 
-4,9776 
-4.3444 
- 3.7338 
-3.1003 
-2.4785 
-1.7468 
-1.0473 
-0.3337 

0,3774 
1,0864 
1.78R5 
2,4807 
3.1512 
3. R l ?  5 
4,4387 
5,0297 
5,5780 
6.0775 
6,5747 
6.9115 
7.2447 
7.5192 
7.7367 
7.9032 
8,0148 

A. 088 1 
R.0576 
7.9471 
7.7439 
7.4776 
7.1 573 
6,7983 
6.3 967 
5.9498 
5,4651 
4,938R 
4.3727 
3.7695 
3,1321 
7.4667 
1.7797 
1 e 0778 
0.3682 

-q- 341 7 
-1,0468 
-1,7417 
-7,4236 
-7 -0874  
-3.7322 
-4.3544 
-4,9522 
-5.508R 
-5.9978 
-6,4306 
-6,8235 
-7.1752 
-7.4877 
-7.7384 
-7.9470 
-8,0960 
-8,1854 

p.0765 

LAYER &12hir! 
1 2  1 
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1 

1 
7 
3 
4 
5 
h 
7 

9 
10 
1 1  
17 
1 3  
1 4  
15  
16 
17 
1 8  
19 
7 0  
71 
7 2  
2 3  
7 4  
7 5  
7 6  
7 7  
? A  
7 9  
30 
7 1  
7 7  
77 
74 
7 5  
7 6  
37 
1 R  
7 9  
40 
4 1  
47 
4 3  
44  
4 5  
46 
47 
4 8  
4 9  
50  
51 
52 
53  
54  
55 
5 6  
57 
5R 
59  
60 
h l  
67 
67 
6 4  
6 5  
66 
6 7  
hR 
69 
7n 
7 1  
77 

a 

J= 100  T I M E =  3,00fi330@ 
TilTAL ENERGY INPtJT ( INa-LR. 1 = 1327,718 

K I N F T I C  ENERGY f INe-LR.  1 = 463,976 
E L A S T I C  EYERGY (IN.-L 9. ) = 596.591 
P L A S T I C  WnRK I I N , - L R , )  = -37eR49 

NO FORCING FlJNCTlflN IS ACTING OUHING T H I S  CYCLE 

\I 

013881  
1,0975 

2.4R47 
7.1477 
7.7833 
4-11\46 

5.4774 
5.9635 
6.406R 
6.8qR7 
7.1824 

7.7548 
7.93 06 
R.0253 
8.0605 

8.O135 
7,9680 
7.7458 
7.5287 
7.2534 
6.91 7 0  

6.0703 
5.5659 
5.0118 
4.41 7 4  
3.7R77 
1.17lh 
7.4557 
1.7671 
1.0610 
0.3572 

-0.35R7 
-1  .Oh74 
-1.7680 
-2.4521 
-3.1095 
-3.741 7 
-4.3583 

-5.5049 
-6.0236 
-6.5908 
-6.93119 
-7.3051 
-7.6704 
-7.R686 
-R.O5n4 
-R,1597 
-Re701J1 
-R,171R 
-8eOA17 
-7 -9331  
-7.7277 
-7,467P 
-7,1605 
-6.R777 
-6.47 un 
-5.9876 
-5.4790 
-4.91 56 
-4.3 1 Rh 
-7.7019 
-3,064R 
-7,403h 
-1.7774 
-1,0276 
-0.3776 

1 e 7984  

4 . 9 5 ~  

7.5055 

a.0676 

6.5730 

-4.9487 

W 

-8.21 1 R 
-R,1659 
-P. 0477  
-7. R6C4 
-7.6047 
-7,7858 
-6.9355 
-6.4746 
-5,9973 
-5.4786 
-4.9240 
-4,3374 
-3.7327 
-3.1004 
-7.4354 
-1.7470 
-1.0426 
-0.3329 

0.3778 

1.7909 
2.4835 
3.1601 
3. R155 
4.4417 
5.0333 
5.5R13 
6.0824 
6.5779 
6.9181 
7.2491 
7.5238 
7.7477 
7.9c45 
R.OlC2 
8.0646 
8.ORh3 
R.0502 
7.9335 
7.7416 
7.471 3 
7.1 470  
6.7935 
6,3961 
2.9531 
5.4663 
4,9795 
4.1739 
3.1695 
3.1375 
7.4664 
1.7791 
1 e 0766 
0.3667 

-1.0496 - 1 e 7447  
-2,4251 
-3.0460 
-3,7277 
-4.7537 
-4.9494 
-5.4985 

-6.42P7 
-6, Rl36 

-7,483 7 
-7,7453 
-7.9502 
-8.1001 
-P.lR93 

i . n a f 8  

-0,7441 

-5.9948 

-7,1705 

N ( T R A I N  S T R A I N  
t t N )  ( W T )  

l"137.2 -SF7.1 -l .0923 C.9030 
9 2 ~ 6 . 0  -0a7.c -O.OC.II '~ .C,QZI 

9621.1 - ~ o e . 7  -0.nrtiH i1.b32c. 

12729.7 -679.6 - n , o n i i  (.0024 
17?71.3 -939.C -JeC319 0.3C31 

14618.7 -793.9 - C e r J 0 1 2  ,e.G02q 
18471.4 -86.S nenC16 0.3015 
16926.9 3 3 . 5  " . C ( I l A  C. ' .Ol l  

9394.7 26R.7 C.0519 Ci.OOPC 
R714.7 497.C 0.0076 - C . C 0 0 6  

83C7. I? 2424.6 Pa OCS? -3.0051 
8677.1 324.1 C.0020 -C.0002 

-1901.3-1620.9 -'3.clr\57 CeC037 
iO'l.2-1299.? -0.0044 P.0031 

5794.8-182102 -0.0056 0.0046 
7444.4 158.8 0.0013 0.C~OO1 
-585-1  75fl0.1 '3.0084 -0.0059 
5433.3 905.7 5.0G36 -0.2'318 

22931.6 321.7 3.C634 ?.Oil08 
11397.5 315.4 Gin022  C.O?*C! 
15465.4 792.1 0.0025 0.?004 

7673.7 40.C 0.0009 O.C.004 
5Rh8.2 -565.0 -e.OP13 C<.3"17 
9005.9 - 5 0 0 . 5  -3.3CCR O.FO1R 
9 91 R e  R- 102 8.6 -0.002 5 0.303 1 
9395.6 -714.g -3.C.615 3.F.023 

17519.7-1158.2 -0.0027 12.0036 
11777.4 -618.1 -0.0039 0.9023 

-6999.2 ~ 6 8 ~ 1  9.0022 - 0 . ~ ~ 2 5  

1 4 0 4 ~ .  5 - 6 ~ 5 . 3  -0.mr.9 0.r026 
1917.7.4 -104.1 0 . 0 ~ 1 5  c .eoi5 
161hd.3 132.6 o.0021 c.0008 

7 8 4 1 . ~  393.5 o.or.71 - ~ . 0 0 n 4  
8457.9 lR7.Y 'J.FC15 C.9031 

-77R2.5 936.6 0.0024 -0.0927 
7695.4 24R1.5 0.9092 -f?.Or153 
R177.9 314.0 9.9319 -De0302 

103.5-11PE.9 -0.GP44 2.0731 
5373.1-1822,4 -0.0056 0.0346 
7628.9 161.4 i).C?G13 C.3Oc11 
-331.5 2502.2 g.0n84 -0.3059 
5819.9 9'74.8 Q.OC36 -0.0017 

73361.7 313.7 'l.0034 !j.C009 

-2212.8-1636.7 -0.o058 ~ ~ 0 3 7  

11804.4 30R. 1 0.0022 0.0001 
15869.0 290.5 U.0026 0.0004 

7951.9 40.4 0.rlCC9 0.0034 
5978.4 -566.4 -0.7C13 D.CO17 
13907.9 - 4 9 8 . ~  -0.0008 c..cr)i8 
9644.5-1025.5 -.?.no25 5.0031 

ii935.3-1157.? - 0 . 1 ~ 2 7  n.0035 
8 9 2 5 - 4  -715.7 -0.0015 C.3073 

11163.6 -611.3 -3eCIOC9 ?*GO27 
13447,5 -687.2 -3.GCl0 O.C!l26 
17620.6 -198.3 3.0014 4.F.315 
15799.3 13R.9 0.0071 C.PiO07 

78q6.6 397.4 " e U C Z 1  -Ca0'?C,4 

8138.9 2454 .  I 3.FC91 -0,5552 
8574-4 '56.1 0. C C Z l  -0,0303 

-1 547.9-1 55R.Q -?.GO54 '?e 0035  
709.5-1403.7 -.1.0@48 OeC'O35 

6144.7-lRQl.8 -3enC58 C.7;?49 

8448.4 197.7 9 . 0 ~ 1 5  0.0301 

-7597.5 910.6 ?.ro23 - 0 . ~ 0 7 7  

8423.q 749.7 O.QO17 - C . @ O 3 0  
6in.7 2455.1 G . O C ~ ~  -q.c3057 

6635.i-I 997.1 0.3C40 -7,.0919 
7411R-b  374.5 cJ.3037 fiaCOP8 
12481.3 94.9 !~.O016 Ca0'106 
lh lR7 .4  175.2 ~ . D @ 7 9  '?.00'?2 

R241.6 -6.8 7.9OC'R 9e?5l16 
6 2 6 I a E  -465.1 -0.9999 0.*7015 
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LAYER ACND 
1 2  1 

5 
5 

'I 

7 

T 

T 

5 
5 

T 

1 

T 

T 

5 
5 

T 

T 

T 

T 



I 

1 
7 
3 
4 
5 
6 
7 
8 
9 

11 
17 
1 3  
1 4  
15 
16 
17 
1 8  
1 s  

21 
7 7  
27 
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
3 0  
31 
7 2  
7 3  
34 
3 5  
3 6  
7 7  
3 8  
7 9  
40 
41 
4 7  
43 
44 
4 5  
46 
47 
4 8  
4 9  
51) 
5 1  
52 
5 3  
5 4  
5 5  
56  
57  
5 8  
59 
6 0  
61 
6 7  
6 3  
6 4  
6 5  
6 6  
67  
6 8  
6 9  
7 1  
7 1  
7 2  

i n  

70 

J= 120  T I M E =  0,0903960 
TOTAL FNERGY INPUT ( I N . - L B . I  = 1322.719 

K I N E T I C .  FNFRGY I IN.-LR, ) = 9n7-  873  
ELASTIC. FNFRGY [ INe -LRa 1 = 467.0=5 
P L A S T I C  WDRK ( I N e - L B e )  = -4P-710 

Nn FORCING F U N C T I f l N  I S  ACTING OU‘ I IYG T H I S  CYCLE 

V 

0,3970 
1.1007 
1 8’246 
2.4847 
?. 1470 
3.7817 
4,3858 
4.9533 
5.4779 
5.951 7 
6.401 1 
6 ,  8989 
7.1687 
7.4714 
7.71 36  
7.8926 

R. 9627 
8,0562 
7,9977 
7.901 4 
7,7499 
7.5795 
7.2494 
6.9175 
6.51 96 
6.0670 
5.5631 
5.0094 
4.4171 
3.7913 
7.1376 
7.4597 
1.7657 
1.06411 
0.3567 

-0.3539 
-1 -0621 
-1.7619 
-7.4465 
-9,1111 
-3.7510 
-4.367 9 
-4.9460 
-5.5077 
-6.0374 
-6.5065 
-6 e9713  
-7.3041 
-7.6196 
-7.8675 
-8.0483 
-8.1568 
-8,1994 
-8. 1769  
-A.0902 
-7.9323 
-7.7177 
-7-4657 
-7.1659 
-6.81 47  
-6,4093 
-5.9519 
-5,4461 
-4.8960 
-4.3111 
-?a6936 

-7.7944 
-1  B 71 7 4  - 1.0227 

~ . n 0 8 9  

-7.051 3 

- n , i i ~ o  

W N C T P A I N  STAAIN 
I T N )  ( O U T )  

-8,1644 -1q498.7-1127.5 -uei)G49 C.C?19 

-7.8579 -17934,6 -8n7.6 -?.i7r34C‘ P.8?10 
-7,6012 -1n74.P -434.6 -’3*0Ol6 3 .  

-6-91C1 -3437.3 -221.S - C J * O G l l  O.fIOq3 

-8.2077 -4478.4 -133.t -c.’oc9 r.rnoP 

- ~ . q 4 5 9  634.  i -972.7 c r 2 7  ‘.uc22c 

-7.2834 -7777.8 -75.9 -o.npic - - . rnw 

-6,4835 -4445.1-1067.7 - 9 . ~ 4 1  c,cn27 
-5,9997 -8159.9 392.5 q.lmc5 - ~ . c ? i 5  

-4,9744 1 ~ 9 1 . 6  ~61.1- 0 . ~ 7 1  -c.c:si9 
- 4 . 3 4 3 ~  -3974.1 375.4 8 . n r ~ 9  - ? . r ? i i  

-7.4190 5409-7  -363.7 - c e w ~ 7  c.r?13 

-5.4747 907.9 1993.9 *.i’C68 -0.fm46 

-3.7299 4237.n -157.6 -\).0031 ‘teLq77 
-3.0871 7978.6 -796.1 -3.4CO5 ( I .  )C15 

-1.7318 -4C77.0 -157.8 -0.“@99 0.CLt)l 
-1.0316 -8685.6 -41.6 -O.8?010 -0.C995 
-0.3777 -75‘12.3 182.6 -3.X!01 -C.3059 

0,3865 -2974.6 815.2 0.0025 -@.GO22 

1.7972 -9846.7 544. P 0.0008 -0. iP20  
2.4910 -3763.9 -818.9 -C.OC31 0 ~ ~ 0 1 7  
3,1658 -7796. P -119.1 -0eQ011 -0.p072 

4.4432 -345?.1 -287.0 -0.0013 3an004  
5.0343 -9511.4 -985.6 -G.O@43 5.(?017 
5.5818 1779.7 -730.8 -C.W23 G.0’118 
6.0814 -12166.5 -966.n -9.9045 Oe‘‘314 
6.5763 -246.4 -356.2 -5,0012 C.CIIG0 
6.9176 -7742.6 -229.2 -5.0015 CeF3r3L 
7.2531 -3173.5 -218.9 - O a n @ l l  G*03C)3 
7,5303 -4767.3 -888.3 -0,0034 c‘.O”18 
7.7393 -63227.4 330.6 0,1)073 -0.0013 
7.8918 899.7 7024.? 0.0069 -3.0047 
8.’3064 1588.7 825.6 0.0079 -9.0018 
8.3691 -4236.2 263.? 0.0005 - 0 e O O G 9  

1,0939 -1ino7.4 7771.1 0 . ~ 0 6 3  -ct.-~,o 

3.8181 -6490.3 -51.1 - O , ~ O C R  -c.c003 

8.0726 3840.3 -80.2 a , m o i  0,0004 
8,0135 7535.1 - 3 i ~ . 4  -r3,nc103 ‘?.oi)i3 

7,4518 -8780.9 -34.5 -0.mi3 - P . O J O ~  

7,8897 5180.7 -433.C -0.0009 D . I C l ?  
7.7014 -4152.7 -19’1,7 -J.”Q11 OeC“07 

7.1443 -7455.3 190.2 -S.3001 -0. TO10 
6.7836 -2792.8 838.7 0.3075 -9e.7327 
6.37AR -LCR67,9 2705.0 ‘?.0@64 -?.0459 
5.9447 -9529.6 543.6 C.OCC9 -Parr519 
5.4667 -7473.6 -829.6 -0.n031 C.0918 
4.9379 -7039.2 -129.7 - 0 . ~ 1 2  -21.0032 
4,360n -6288.4 -51.1 -a.9co8 -0.nnn3 
3.7646 -3489.4 -278.7 -@*Qf313 qen9C4 
3,1289 -9596,5 -576.4 -0.OC43 r.0016 
7.4632 1363-9  -725.3 -0.3C23 3.i~GlR 
1.7771 -12521e6 -973* P -@eC@4h C .  ” 0 1 4  
1.0752 -668.6 -367.8 -OeW13 C a r  IC P 
0.7666 -7569.9 -226.7 -O,‘tC15 c e Q 3 0 l j  

-1,0478 -4338.8 -877.6 -0e-534 Peon17 
-1,7399 -8177.7 299.5 “e0CQ2 -“*e913 
-7,4172 1’3’34.1 1975.1 3.nC68 -!J,‘n4h 

-3,7255 -4027-1  35?.5 O e ’ C q 8  -rts*311 

-n.3437 -3387.7 -198.3 - 0 . o ~ i 3  n,r?i.z 

-3,0815 1 7 ~ 8 . 4  897.1 0.r~r32  -:j,?wn 

-4.3472 4745.7 -190.c - $ T . , ~ c G ~  c .c io7  
-4.9770 7096 , i  -356.9 -3.CDO4 c . p o i +  
-5,4709 53364.q -375.17 - ; . P C C ~  - ,no14 
-5.9692 -4087.6 -247.7 -“.PPI3 Ae‘iC33 
-6.4191 -9523.9 157.8 -O.Or?4 -‘J.‘tn09 
-6.8704 -7469,7 777 ,1  -J *~ ;~> I  -’.P?lC 
-7.17C9 -2977.1 hRh.7 ‘.71*7f - - e ? ? l @  
-7,4737 -11189.2 7277.0 ( , O f 6 5  -f)*‘361 
-7.7470 -1ar184.7 286.1 ’ iS i*c3  -r.l “16 
-7.9561 -3141-7  -777.7 - jnn;?8 t I ) _  215 
- ~ , i 0 2 4  -7991.5 9 4 - 4  -n,cnT7 - r a - m h  
-8.1872 -7194,5 -186.4 -“*C,?14 -3e71C’1 
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LAYFR HQND 
1 2  1 

5 
5 

T 

T 
T 

T 
T 

T 

5 
5 

T 

T 
T 

T 
T 

T 

5 
5 

T 

1 

T 
T 

T 



1 

1 
7 
7 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13  
14  
15  
16 
17 
18 
1 9  
7 0  
7 1  
7 2  
2 3  
7 4  
35 
7 6  
7 7  
7R 
7 9  
30 
3 1  
37 
33 
7 4  
3 5  
36  
1 7  
38 
39 
40 
41 
47 
43 
4 4  
45  
46 
47 
4R 
4 9  
50  
51 
57 
53  
54 
55 
56 
57 
58 
59 
6,C) 

61 
h7 
h3 
6 4  
65  
66 
67  
68 
A9 

71 
7 7  

70 

J= 140 T I M F =  0.0904620 
TflT41 FNERGY I N P U T  l I N . - L B . l  = 1?22.718 

K I N E T I C  ENERGY f T N e - L R e I  = 822.773 
FLASTTC ENERGY ( t N . - L B e l  = 572.231 
PLASTTC. WORK f I N . - C R e l  = -77.397 

Nn F f l R t I N G  FI INCTTnN IS ACTING DURING T H I S  CYCLE 

V 

0,3953 
1,1026 
1.8914 
7.4R77 
3.1515 
3.7RR3 
4.7R63 
4.9467 
5.4749 
5.9667 
b.4173 
6.8095 
7.1503 
7.43 57 
7.6738 
7.8577 
7.9895 
8.q619 
8.0681 
8.0146 
7.9025 
7.73R3 
7.5790 
7.7597 
6.91 6 9  
6.5165 
6.0637 
5.5605 
5.0127 
4.4248 
3.7049 
3.1367 
7.4607 
1.7703 
1.0689 
0.3605 

-0.3492 
- l e 0 5 4 8  
-1.7536 
-3.4397 
-3.11 17 
-1.75R1 
-4.3764 
-4,9639 
-5.5137 
-A- 7 7 9 5  
-6.5117 
-6.9456 
-7.3173 
-7.6197 
-7.R647 
-8.0476 
-8. 1641 
-8,7139 
- R . l R I R  
-8eOR27 
-7.9345 
-7 -73  54 
-7.4RlR 
-7.1717 
-6.RO73 
-h.3810 
-5-91 A7 
-5.4169 
-4,8795 
-4-30 3 4  
-3,6922 
-3 -0514  
-7.3RR5 
-1.70R7 
-1 1) 01 77 
-0.3141 

W N S T R A I N  5 T R B I N  
( I F ; )  ( 7 U T I  

-8.2145 -11303a2 -2P9.C - ) , O f 2 1  -0.C9Gl 
- R e  I 6, 1 1  - 16476.3 -36 2.6 -30 3029 - 5 .  C-003 
-Re041.5 -77416.5 -18C.3 -0.1,729 - C . G ' 1 l l  
-7.8576 -4931.4 -576.3 -(#.7n25 qe9tJl? 
-7.6DR7 -17021.9 -521.1 -5.?r.30 ?.0354 
-7.2958 -15494.2-1419.0 -?.>'c764 C.3.373 
-6.9141 -15299.1 -764.7 - J . ! : C Z P  -G.C232 
4 . 4 7 7 0  -1245-6  1143.1 '?.31'37 -0.7028 

-5.4895 49n3.4 43.6 '9.3nC6 C.CO02 
-4,9365 -7632.6 167.6 P.7bi1.2 -; ..7036 
-4.3477 -693.7 -332.2 - C . ? C I P  9.?1C?7 
-3,7249 -7544-4 11.5 -?.03C7 -9.CICP5 
-3.9745 -7779.9 lfJfl2.0 !?a 9"29 -'?.??3@ 
-7.4053 264'1.2 369.4 3.0C.15 -0.OOi36 
-1,7195 -9764.9 873.C ?.QC2@ -5.C.1027 

-6,3025 -798.1 7 6 6 , ~  J . C C ~  -".0319 

-1.0714 2104.4 35.3 0 . ~ 0 3  q.o<)oi 
-n.?147 794.7 - 2 2 3 . 5  - c .w07  c.0006 

0.3954 -49631.3 149.9 Oe'3030 -0.0907 
1.1034 -4132.9 260. 1 C e O O O 5  -C.OC)9 
1.804C -16197.9 859.2 3.0013 -1).0031 
7,4943 -150q6.6 1392.9 C.3r32 -0.C043 
3.1719 -19741.R -35.3 -9.0071 -5.0013 
3.R785 -8775.8-1652.7 -0.W65 n.G033 
4.4499 -11299.3 -44R.R -0.0027 0.0003 
5.0354 -16335.9 -308-3  -i).@027 -C.0304 
5.58C6 -77414.7 -223.6 - 3 . X 3 0  -0eCO10 
6.0421 -4951.3 -474. 8 -0.Ofi21 C.O@OB 

6.9799 -15658.8-1673.5 -0.0572 0.0029 
7.7562 -15546.2 -337.7 -C.'1927 -li.00'13 
7.5222 -1395.7 1177.6 0.9036 -3.9C.27 
7 ,7420  -874.5 755.A 0 . 0 O 2 5  -0.CG18 
7.9107 4752.5 254.3 3.nC.13 -i.030? 
8.0717 -3899.1 P9.4 -0.r3001 -0.CjO35 
8.0719 -936.7 -395.4 -.1.0014 rJ.3d99 
R.0555 -7556.3 4.8 -0.OOOR -?*COO5 
7.9769 -7127.3 99R.1 ';*r3026 -3.022R 
7.8479 2770.7 453.5 0.0018 -0.OCS8 
7.6637 -9466.5 956.5 0.0073 -0.3029 
7.4301 74RR.3 -34.5 !'e0001 O.OOr?P 
7.1388 1325.7 -273.6 - G . O D f R  Q.0007 

ba3R91 -7317.1 275.1 9.0006 -0.0039 

5.4544 -14464.3 1381.5 J.?C32 -0.P042 
4.9343 -19097.3 -41.8 - 3 . O L I Z l  -0.n012 
4.3777 -R315,A-1653.8 -C.!W64 0.0037 
3.7651 -1C954.3 -446.2 -3.0076 C.0393 
3.1256 -16747.5 -307.4 -0. "77  -0.OC04 
2.4604 -22 755.7 -23 1 e 9 -0.0030 -p.C~0 10 

6.5331 -17074.4 -402.5 -0.0026 ~ . n o o i  

6.7895 -4227.7 175.1 3.0~~2 -0.oo07 

5.9417 -15552.9 ~ 4 7 . 7  0 . ~ 1 3  -0.0031 

1.7744 -5n34.7 - 4 ~ 1 . ~  - 0 . 0 ~ 7 1  r,.coo8 
1,0744 -17325.4 -382-2  -0.nnz5 o.co03 

-0,3417 -15919.7 -370. E -o ,noz9 -c.ocoz 
0.3670 -15971.4-1642.4 -?.@C72 C.?O28 

-1.3451 -1794.1 l"57.1 0 -9274  -ireOc726 
-1.739R -1331.6 845.6 0.0327 -3.CC21 
-2.4220 4639e9  342e3  1.0316 -3.0005 

-3.7740 -795.3 -390.9 -?.0!?14 13.Pr309 
-4.3706, -7510.5 -58.3 -0."910 -0.0'304 
-4.9n71 -7091.1 918.1 b -0324  -3.9326 
-5.4418 2913.3 6 6 3 - 5  ?eOC.24 -(!.?012 
-5.9479 -9377.0 945.3 J,3922 -3.r.729 
-6,4086 2513-6  -53.2 7.7@(?1 O*OnC3 
-6.8243 1359.5 -232.s1 -1.!'0@7 O.C'D06 
-7.1859 -4347.P -53.9 -o ,qnP6  -o.-)rl.)2 
-7.4970 -3474-7 397.6 3 . C ~ . l $  -;*!j!jlZ 
-7,7449 -157717.2 937.7 Om'301h - 3 e P C 3 3  
-7.94R5 -14739.4 1 3 3 8 a t  !?.c)C30 - re9041  
-8.106'1 -19295.9 19.P -i).C919 -9.CLJ14 
-R.7017 -8657.7-17Q5e 7 -0sC07C '1.3636 

- 7 . 0 ~ 5 3  -7q37.p 9.1 -r.noo4 -o.,:en3 
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LAYEP 8 O N n  
1 2  1 

5 
5 

T 

T 
T 

T 
T 

T 

5 
5 

T 

T 
T 

T 
T 

T 

5 
5 

T 

1 

T 
T 

T 



I 

1 
2 
1 
4 
5 
6 
7 
R 
9 

11 
17 
13  
1 4  
1 5  
16 
17 
1 R  
19  
7 0  
21 
77 
2 3  
7 4  
7 5  
7 6  
7 7  
711 
79 
30  
3 1  
3 7  
33 
34 
35 
36 
3 7  
3 R  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
46 
47 
4 8  
4 9  

51 
57  
53  
54 
5 5  
56 
57  
5 R  
59  
6 0  
61 
h2 
h3 
6 4  
65  
66 
67  
6 8  
6 9  
7 0  
7 1  
7 7  

i n  

5 0  

J= I 6 0  T I M E =  0.0005790 
TOTAL FNFRGY I N P l I T  ( I N , - L B . I  = 1322.718 

K I N E T I C  ENFRGY ( I N . - I R . I  = QR5.471 
F l A t T I C  FNFRGY ( I N . - L R . I  = 370.320 
P L A S T I C  WflRK ( I N . - L R e )  = -33."73 

Nfl FCRCING FlJNCTIClN IS ACTING DURING T H I S  CYCLE 

v 

0.4004 
1.1086 
1. A990 
7.4951 
3.15R7 
1.797R 
4.3 945 
4.9616 
5,4947 
5.9867 
6,4241 
6 .  8088 
7.13R4 
7.4159 
7.6515 

7.9763 
9.0603 
8.0817 
8.0792 
7*9?83 
7.7598 
7.5369 
7.7589 
6.9719 
6.57R9 
6.0733 
5.5714 
5 ,  '31 R5 
4,4236 
7.7957 
1.1423 

1.7784 
1.0746 
0.3649 

-0.3454 
- I  -0511 
-1.7497 
-7.4363 
-3-1099 
-7.7677 
-4- 3R9R 
-4e987R 
-5,534R 
-6. 0 4 8 4  
-6,5716 
-6.9497 
-7.3242 
-7.6375 
-7.RR20 
-8,0658 
-8.1771 
-8.2165 
-Ae lR94  
-8 I 10 40 
-7.9633 
-7.7646 
-7-49 9 3  
-7.1734 
-6,7917 
-6,3657 
-5 a 901 9 
-503994 
-4.8667 
-4.2965 
-3- 6973 

-2,3937 
-1.7114 

-rr,?098 

7.8354 

7,4687 

- 3  ,05 6~ 

-1,ni  57 

w 

-8,2266 
- a ,  1783 
-8.9564 
-7, R742 
-7 -61  89 
-7.29R9 
-6.9703 
-6.a925 
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3.1793 

4.4597 
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6,9171 
7.7655 
7.5441 
7.7701 
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8.0718 
R. Q438 
7.9575 
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7.6408 
7.4138 
7.1337 
6.7978 
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4,9373 
4,3697 
3.7665 
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2.4670 
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1,0741 
0,3646 
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-2.4290 
-3,0884 
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-4.3293 
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-5.4775 
-5.93P6 
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-7 ,7774 
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14 
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16 
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18 
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7 7  
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16 
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7 8  
7 9  
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37 
33  
3 4  
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37  
3 8  
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4 3  
4 4  
4 5  
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47 
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56 
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6 6  
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68  
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J= i8n TIME= r;.coc5943 
TOTAL ENFRGY TNPUT { I N e - L R e )  = 1322,718 

K I N F T T C  ENFRGY I 1Ne-LR. j  = 622.329 
F I  A S T I C  ENERGY I I h s - L P e  1 = 7574998  
P L A S T I C  WORK ( I N . - L R e )  = -57-6C9 

Nfl FORCINC F U N C T l n N  IS ACTIWG DURING T H I S  CYCLF 

v 
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7.4995 
3,1587 
3.7930 
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5.9908 
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7.9586 
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-7.7749 
-7.4971 
-7.1634 
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7.7781 
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4.9441 
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-6.3 890 
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-6 0407 
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N M S T l i A I N  

5784.0 -37.6 5.OC04 

4?7Re5-1300.1 -0 .c IC76 
9554-3-1694.8 -0.3L48 
7427.1 208.5 0.P014 
5477.7 1257.9 'Qe (105R 
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-737.2-1362.7 -C.C@47 
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2437.R -423.8 -0.OC12 

752.8 71.7 0.0071 

( I N )  

22~47~7-1553 .6  -ci,3040 

S T P A I N  
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3 
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4 8  
49  
50 
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J= 200  TIME-  C,00066'7P 
TOTAL ENFRGY I N P U T  f IN. -LB, )  = 1327.718 

E L A S T I C  ENFRGY ( INe-LRe I = 61 leQ6C 
P L A S T I C  WORK l I N . - L R . l  = -18.063 
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